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PREFACE. 


In  preparing  the  present  work  I  have  been  actuated 
mainly  by  the  desire  to  place  before  English  students 
of  Zoology  a  treatise  in  which  the  subject  was  dealt  with 
on  the  lines  followed  with  so  much  advantage  by  Glaus 
and  his  predecessors  in  their  works  on  Zoology.  My  original 
intention  was  to  bring  out  a  new  edition  of  Glaus*  Lchrhuch, 
revised  and  brought  up  to  date,  and  a  trace  of  this  intention 
may  be  seen  in  a  few  pages  of  the  present  volume.  But 
this  plan  was,  for  various  reasons,  soon  given  up,  and  the 
present  treatise  is,  with  the  exception  of  about  twenty  pages, 
an  entirely  new  work. 

For  a  successful  study  of  Zoology  it  is  necessary  that  the 
student  should  begin  by  making  a  thorough  examination  of 
individual  animals,  of  their  structure,  of  the  functions  of 
their  parts,  of  their  relation  to  the  external  world  and  to 
each  other.  This  method  of  study  by  types,  which  was  largely 
•introduced  into  this  country  by  Huxley,  and  is  admirably 
exemplified  by  that  author's  book  on  the  Crayfish^  is  absolutely 
necessary  as  a  preliminary  to  any  thorough  study  of  Zoology. 
By  pursuing  it  the  student  acquires,  if  the  animals  are 
properly  selected,  a  knowledge  of  the  principal  forms  of 
animal  life,  and  a  basis  from  which  more  extended  studies 
can  be  made.  It  is  to  assist  these  more  extended  studies 
that  the  present  work  is  designed.  At  the  same  time  it  is 
hoped  that  the  Ijook  will  be  of  value  to  all  interested  in 
Natural  History,  whether  professedly  students  of  Zoology  or 
not,  if  in  no  other  way  than  as  a  handy  book  of  reference  in 
which,  by  means  of  the  index,  information  may  be  gained  of 
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the  general  nature  and  habits  of  a  large  number  of  animals, 
and  of  the  more  important  and  striking  of  the  phenomena  of 
animal  life.  To  assist  in  giving  the  book  utility  in  this 
direction,  I  have  endeavoured,  in  the  index,  to  refer  the 
reader  to  the  page  on  which  technical  terms  are  used  for 
the  first  time  and  explained.  At  one  time  I  thought  of 
adding  to  each  chapter  a  detailed  account  of  some  easily 
accessible  species  belonging  to  the  group  with  which  it  deaU, 
but  on  reflection  it  appeared  to  me  that  such  accounts  were 
not  required;  for  we  possess  them  in  an  excellent  form  in 
many  useful  and  well-known  books,  which  are  accessible  to 
everyone.  Moreover,  to  have  done  so  would  have  either 
unduly  increased  the  size  of  tlie  l)ook  or  rendered  necessary 
the  omission  of  much  interesting  matter  concerning  the  infinite 
variation  of  animal  structure  and  habits  not  found  in  works 
easily  accessible  to  students. 

Small  print  has  been  used  for  those  parts  of  the  work 
which  deal  with  disputed  matters,  or  with  subjects  of  a  more 
recondite  cliaracter.  It  has  also  been  employed  for  the 
accounts  of  the  families  and  genera  which  will  be  used 
mainly  for  reference.  By  this  means  I  have  been  able  to 
give  far  more  information  tlian  would  otherwise  have  been 
possible.  To  further  the  same  object  I  have  used,  in  the 
small  print  dealing  w^ith  families  and  genera,  not  only 
abljreviations,  but  also  what  has  been  called  by  a  friendly 
critic  the  style  of  the  note-book.  I  very  carefully  considered 
n»y  critic's  objection  to  this  "  note-book  style,"  but  I  decided 
that  so  long  as  I  did  not  become  unintelligible,  the  employ- 
ment of  it  was  justified  by  the  object  in  view.  Moreover, 
I  have  been  careful  to  limit  its  use  to  those  parts  of  the 
work  which  were  apart  from  the  main  narrative,  and  would 
l)e  almost  entirely  used  for  purposes  of  reference.  Most  of  llu* 
abbreviations  are  explained  in  the  index,  and  it  is  hoped  tliat 
no  inconvenience  will  arise  on  account  of  their  use.  Authors' 
names  for  genera  are  given  throughout.  It  has  been  pointed 
out  to  me,  too  late  however  for  alteration,  that  the  customary 
abbreviations  for  those  names  are  not  always  used,  and  that 
my  abbreviations  have  varied  even  on  the  same  page.     1  am 
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afraid  that  this  charge  is  true.  I  can  only  hope  that  my 
carelessness  in  this  respect  will  not  cause  my  readers  serious 
annoyance. 

To  make  the  book  more  complete  as  a  work  of  reference, 
I  have  endeavoured  to  mention  and  give  an  account  of  as 
many  families  as  possible.  For  the  same  reason  I  have 
named  a  large  number  of  genera  without  giving  any  account 
of  them.  It  may  appear  to  some  absurd  to  name  without 
describing  so  many  genera.  My  object  in  doing  it  has 
been  to  make  the  book  more  useful  in  enabling  students  to 
track  as  many  unknown  names  as  possible  to  their  place 
in  the  system. 

I  must  ask  the  indulgence  of  my  readers  towards  the 
many  imperfections  of  this  work.  It  is  impossible  to  have 
a  specialists  knowledge  of  every  group,  and  in  a  book  of 
this  size,  dealing  with  an  enormous  number  of  facts  and 
names,  it  is  beyond  human  capacity  to  avoid  mistakes.  Every 
care  has  been  taken,  and  it  is  hoped  that  they  will  be  found 
to  be  neither  numerous  nor  important.  The  errors  would 
undoubtedly  have  been  much  more  numerous  had  it  not 
been  for  the  kind  assistance  given  me  by  my  friends.  To 
Mr.  J.  J.  Lister  I  am  especially  indebted.  He  has  looked 
through  all  the  proof  sheets,  and  has  brought  to  bear  a 
critical  power  and  discrimination  which  have  been  invalu- 
able. I  cannot  be  sufHciently  grateful  for  his  assistance. 
Mr.  Lister  has  also  contributed  the  account  of  Coral  Reefs, 
and  of  the  reproduction  of  the  Foraminifera.  My  thanks 
are  also  owing  to  Mr.  Heape  and  Mr.  Graham  Kerr,  who 
looked  through  the  greater  part  of  the  proofs,  and  to  Mr. 
Shipley,  Dr.  Benham,  Professor  Haddon,  and  Dr.  Harmer, 
who  looked  over  the  proofs  of  portions  of  the  book,  and 
gave  me  the  benefit  of  their  special  knowledge.  I  have 
thus  often  been  saved  from  errors  into  which  I  should  other- 
wise have  fallen.  My  principal  sources  of  information  are 
acknowledged  in  the  foot-notes ;  but  I  must  not  omit  to  make 
mention  here  of  works  from  which  I  have  obtained  special 
help;  these  are  Butschli's  Protozoa  in  Bronn's  Thierreichy 
Chun's  introductory  account  of  the  CoelentercUa  also  in  Bronn, 
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Wasiliewski'.s    KSpoi'uztMA,    lVl.<<.'iieer*s    MoUuscu,   .aid    Ilenham'.s 
FulydiUtla  in  ilie  <.'aiubritim*   Xaiurai   Hisiorv. 

^H  ilitr  illu&LniLiuii!>  aljuui  liltv  iiv  iit'W.  ■»!  'he  reiuaindLT 
the  iiiajuiity  :ire  tnjiii  '.laus'  Lairimcti :  i«ut  ^Jiiiu.  Atikiii  L 
have  iieeii  i»tiiiiilLed  to  make  use  «»i  :'V  the  •■ourtesv  i  -tie 
auLliui*  Mini  l•ui^li^llel•s,  .ire  fnna  IJrmms  Thicrfrw/i,  IVrm^rs 
Zooloyi^,  Ivoischell  aud  Heitlers  EhiOni^iotpj^  and  Laui:  s   /V^r- 

In  the  cljUahilk'aLion  ihtf  i-rincipal  dL'|»arulre^^  from  pn^-viient 
i-oncern  the  L^nMii^i  ni  ^[tupinnnW'K  wiuih  iias  :»een  uiv<»n  -ip. 
jujd  I  lie  fifpni^rm,  wiudi  ha.s  teen  -roken  up  iuio  I  our  luit- 
|»eudeiil  I'hyia,  The  i«mcmju.>  nir  * he.se  inn<»valinni?  ai-e  _iv»Mi 
in   ihe   'i";dy  ••i   tlie   wurk. 

The  wurk  will  'e  i^Mieti  in  :\vu  vuiumes.  The  j-ivseiu 
Noliuije  •i•.•ili^  '.Mill  liie  win.iie  ••!  he  .  an  ma  I  AinL:«ii»m  tvrtrpl 
the  Arfhrt'f/itiia,  ;iie  Echi/ujinrrntt/tt^  und  ;iie  'liurauui.  The 
ireaUnenL  •>L  tlies*;  will  »e  ini:iiiaet.i  in  :he  -ecuiid  M)ninie,  :n 
the  iirtHiiii:ii(.»ii  "i  AiuL-h  I  !ia\<'  '.'een  iDrlunaie  "iH-Jimii  -o 
Liaiji  lh».»  «  i»-...j.it^i}tLi<)n  "I  Mr.  Li.-^Ler.  The  second  VDlume  >: 
in  |iie];aLaLion,  ind  will,  we  injpe,  ippear  wiihniil  ;inv  ureal 
delav.  ll  will,  il  i"i&&ii.»le,  'unlain  .i  luirl  ilealin^  _eneiailv 
with  {he  :a«jl:*  :ind  prineijaes  «tL  Zimiuj^y,  nui  :l  inay  'e 
ne<.-.esttai'y.  rumi  « •mnitleiaLions  "L  -i/e,  i'>  rerjerve  :iiis  :'H-  i 
third  \oiuine. 
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CHAPTER  I. 

PROTOZOA.* 

Animals  in  which  there  is  one  nucleus,  or,  if  more  than  one  nucleus, 
in  which  the  nuclei  are  disposed  apparently  irregularly  and  without 
relation  to  the  functional  tissues  of  the  animal.  Conjugating  cells 
of  the  form  of  ova  and  spermatozoa  are  never  formed. 

Structurally  the  Protozoa  are  so  simple  that  the  reproduction  of 
the  species  is  effected  either  by  division  of  the  body  into  two  or 
more  parts,  or  by  a  separation  off  of  a  small  portion,  wliich  so  nearly 
resembles  the  parent  in  structure  that  the  phenomenon  of  embryonic 
development  is  almost,  if  not  completely,  absent  from  the  life-liistory. 

The  body  is  always  composed  of  a  contractile  granular  substance, 
filled  with  vacuoles;  it  may  also  contain  a  pulsating  vacuole,  and 
present  the  phenomenon  of  granule  currents.  The  pulsating  vacuole 
consists  of  a  space  without  differentiated  walls  filled  with  a  clear 
fluid.  This  space  apparently  diminishes  and  disappears  through  the 
contraction  of  the  surrounding  plasma,  and  then  reappears. 

There  are,  however,  differentiations,  both  in  the  interior  of  the 
body  and  in  its  external  boundary,  on  which  a  classification  may  be 
founded.  In  the  simplest  cases,  the  entire  body  consists  of  a  small 
lump  of  protoplasm  (or  sarcode,  as  it  was  at  first  called),  the 
contractility  of  which  is  confined  by  no  firm  external  membrane. 
This  lump  of  protoplasm  is  sometimes  semi-fluid,  and  protrudes  and 
retracts  processes.  It  is  sometimes  of  tougher  consistence  in  parts, 
and  protrudes  thread-like  rays  (Bhizapoda).  Nutrition  takes  place 
through  the  intussusception  of  extraneous  bodies,  which  can  be 
surrounded  and  enclosed  by  the  protoplasmic  substance  at  any 
portion  whatsoever  of  the  periphery  of  the  body.  In  other  cases  the 
body  which  sends  out  slender  processes  (pseudopotlia)  secretes  silicious 
or  calcareous  needles,  lattice-work  shells,  or  shells  perforated  by 
holes,  to  shelter  and  protect  the  body  (Foraminifera,  Radiolarici), 

•  0.  Butschli,  **  Protozoa"  in  Bronn's  Thierreich,  1880-2. 
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In  the  Infwforia  the  Ixxly  is  bounded  by  an  external  membrane, 
and  is  capable  of  quick  and  varied  locomotion  by  means  of  the 
movements  of  the  cilia,  hairs,  bristles,  etc.,  which  it  possesses.  Tlie 
nourishing  matter  may  be  solid,  in  which  case  it  is  taken  in  througli 
a  mouth,  and  the  remainder  after  digestion  cast  out  through  an  anal 
aperture  (Jiolozoir  nutrition),  or  it  may  be  in  a  fluid  form  as  a 
putrescent  solution,  in  which  case  the  name  Infusoria  is  well  applied, 
and  be  taken  in  by  simple  osmosis  through  the  walls  of  the  body 
(gaj/rapht/tic  nutrition). 

The  conjugation,  or  fusion,  of  two  or  more  individuals  has  ])een 
observed  at  some  period  or  another  of  the  life-history  in  most 
of  the  groups  of  Protozoa ;  and  in  most  groups  the  power  of  with- 
drawing the  ])seudoi)odia  or  cilia  and  of  forming  stout  membranes 
round  the  Ixxly  (encystment)  to  protect  the  organism  against  adverse 
external  influences  is  generally  present. 

Tlie  Protozoa  fall  into  three  main  classes.  Of  these  the  first 
(Gyninomyjca)  possess  the  power  of  thrusting  out  processes  of  their 
body  as  peeudopodia ;  the  second  (Infusoria)  are,  for  the  most  jmrt, 
without  pseudopodia,  but  bear  cilia,  or  flagella;  while  the  thinl 
(Sporozoa)  possess  neither  ])seudopodia  nor  cilia,  and  are  parasitic  in 
habit. 

Table  showing  the  claswification  of  the  Protoz9(i. 


Clash  I.    GYMNOMYXA 

(SARCODINA). 

Sab-class  1.   Rhizopoda. 

Order  1.   Amoeboidea. 
,,     2.   Testacea. 

Sab-class  2.   Mtcetozoa. 
S.   Heliozoa. 
4.   Radiolauia. 
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Class  II.    INFUSORIA. 

Sub-class  1.   Mastioophora. 

Order  1.   Flagellata. 

Sub-order  1.   3fo7iaditta, 

2. 

8. 

4. 

5. 

Order  2.  Choanoflagellata. 

S.  Dinoflagellata. 

4.  Silicoilagellata. 

5.  Cystoilagellata. 
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Euglenoidea. 
Hetr.romastigoda. 
Isatncutigoda, 
Phytomasligoda. 
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Clabs  ir.    ISFVQORIA— Continued. 

Sub-class  2.   Ciliata. 

Order  1.   Gyiunostoniata. 
,,     2.   Trichostomata. 

Sub-order  1.   Aspirotricha, 
„        2.   Spirotricha, 

a.  Heterotricha. 
h,  Oligotricba. 
r.   Hypotricha. 
d,  Peritricha. 

Sub-class  S.    ACINETAKIA. 

Class  III.     SPOROZOA. 

Order  1.   Gregarinida. 

Sub-order  1.   Pohjqfstidca, 
,,        2.   Manocystide€L, 

Order  2.   Coccidiidea. 
,,     3.   Haemosporidia. 

Sub-order  1.   Drepanidiidetu 
,,        2.   Acystosporidec^ 

Order  4.    Myxosporidia. 
,,     5.    Sarcos^ioridia. 
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OlasB  1.     aTMNOUTXA  (8ASC0DINA).* 

Protozoa  poBseinng  the  power  of  (hrustirtg  out  pseudopodia.  An 
inveaiing  membrane  is  abgenl,  or,  if  present,  is  incomplete,  and  leaves 
a  considerable  portion  of  the  protoplasm  ejposetl.  A  rakareous  sheU, 
or  eilicious  skeleton,  is  very  vMitdly  secreied. 

The  bodj-aubstiance,  which  is  richly  granulated,  and  may  contain 
pigment,  contracts  slowly,  and  sends  out  at  the  same  time  the 
processes  called  pseudopodia;  and  these  serve  not  only  as  a 
means  of  movement,  but  also  for  the  reception  of  nourishment 
The  pseudopodia  may  be  broad,  lobed,  or  finger-like  processes 
(Fig.  2),  by  means  of  which  a  quick  and  flowing  motion  can 
be  imparted  to  the  body  mass ;  or  they  may  be  filiform  radiating 
processes  (Fig.  1);  or,  lastly,  they  may  anastomose  with  one 
another,  and 
form  networks. 
A  tougher,  clear 
homogeneous 
external  layer 
(exoplasm)  is 
usually  to 
disti  nguished  as 
the  peripheral 
boundary  from 
amoi«fluidand 
more  granular 
internal  mass 
(endoplasm). 

During  motion  \_^ 

the    former 


processes      into       '^■"  *>1<!>>  Uw  vuuoUMd  *etop1uia  li  dnrlr  dlrtlngolibabla. 
'^ ,  .  ,     ,  In  Uis  centra  ot  the  pHudopodEi  ths  iiKI  thtewl  ii  Tlilble. 

which  the  gran- 
ules of  the  latter  stream  more  or  less  quickly.     In  the  stifTer  pseudo- 
podia streams  of  granules  are  observable,  slow  but  legular,  passing 
from  the  base  to  the  extremity  and  vice  versd.     The  explanation  of 

*  Di^ardin,  "OUemtioiiB  but  Ira  Bhizopodca."  Com^ta  rmdut,  183G. 
EhnnlmK,  "  Ub«r  uoch  jetzt  lahlreieh  Ubeude  Thier>rt«D  der  Kreidebildung 
nitd  den  Onpnismus  der  PalytbalamieD."  Athandttin^  der  Akad.  lu  Btrlin, 
IMS.  Max  SiEoi.  Schnltxe,  "Uber  Hen  Or^nismiu  der  PolythaUmien." 
Leipzig,  1854.  Job.  Muller,  "  Uber  die  TbalaaaicoUn,  PolycrstiDeD  imd  Acan- 
tbometren."  16SS.  E.  Hteckel,  "Die  lUdiolarien."  £ine  UoQagrspliie. 
Barlin,  18(12. 


tbeae'movemento  is  to  be  sought  in  the  contractility  of  the  surround- 
ing |KirtiouB  of  piotoplaam  (Fig.  1). 

A  pulsating  space,  the  contractile  vacuole,  is  not  unfrequently  to 
he  found  in  the  protoplasm,  e.g.,  Difflugia,  Actinophryg,  Areetla 
(Fig.  2),  Nuclei  ore  usually  to  be  made  out,  but  there  are  forms 
in  vhich  no  trace  of  a  nucleus  has  yet  been  found.  In  such  cases 
either  our  methods  of  observation  are  faulty,  or  the  protoplasm 
of  the  nucleus  is  not  yet  diffeientiated  as  a  separate  structure 
(the  Monera  of  K  Haeckel),  or  we 
hare  to  do  with  a  transient,  non- 
nucleated  stage  in  the  life-history. 

The   protoplasm   usually  secretes 
silicious    or    calcareous    stnictures, 
either  as  fine    epicula   and    hollow 
spines,  which  are  directed  from  the 
centre  to  the  periphery  in  regular 
'  order   and    number,    or   as    lattice- 
work chambers  {Radiolaria),  which 
often    bear    points    and    spines,    or 
finally  as  single  and  many-chambered 
shells   with,    in  some  cases,    finely 
perforated  walls  (Faraminifera)  and 
\  one  larger  opening,     Through  this 
paiHtiiic  TMuoi*.  last  (Fig.  4),  as  well  as  through  the 

countless  pores  of  the  small  shells 
(Fig.  3),  the  slender  threads  of  sarcode  pass  out  to  the  exterior 
as  pseudopodia,  changing  without  intemuBaion  in  form,  size,  and 
number,  and  often  joining  themselves  together  in  dehcat«  networks. 
(Fige.  3,  4.) 

The  pseudopodia,  by  their  slow  contraction,  afford  a  means  of 
locomotion,  while  they  also  serve  for  the  taking  up  of  nourishment 
by  surrounding  and  transporting  into  the  interior  of  the  body  small 
vegetable  organisms  as  Badllaria.  Among  the  shell-bearing  forms, 
the  reception  and  digestion  of  food  takes  place  outside  the  sliell  in 
tiie  peripheral  threads  and  networks  of  sarcode ;  for  each  spot  on  the 
surface  can  for  the  time  being  assume  the  functions  of  mouth,  and 
also  of  anus,  by  rejecting  the  undigested  remnants.  "While  the 
power  of  emitting  pseudopodia  is  characteristic  of  the  form  in  which 
the  Gymnomyxa  are  usually  met  with,  it  is  usual  to  find  a  stage  in 
theii  life-history  in  which  locomotion  is  effected  by  means  of  flagella. 
To  such  flagellated  forms  the  tenn  mastiijo^xMl  has  lieen  applied. 
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niyxopod,  a  word  indicating  a  form  with  the  power  of 
emitting  peeudopodia. 

Reproduction  is  commonly  effected  by  simple  division,  but  in 
some  caaes  encystment  occurs,  and  the  protoplasm  breaks  up  into 
a  number  of  minute  portions  called  spores.  The  epoies  may  be 
either  naked  or  provided  with  a  wall,  forming  the  spore-case. 


The  marine  Bhell-bearing  fonns  contribute  by  the  accumulation 
of  theii  Hhells  to  the  fonnation  of  the  sea  sand,  and  even  to  the 
depoeition  of  thick  strata.  An  ionumerable  quantity  of  fossil  forms 
front  various  and  very  ancient  formations  are  known. 


So»<!LAS8  I.     EHIZOPODA.* 

Qymnomyxa,  either  naked  or  %eith  a  eihell,  the  fhell  generally 
ealeareoug  and  often  pierced  inlh  fine  pore»  for  the  exit  of  the 
pteudopodia. 

Only  in  rare  cases  is  the  sheU  subetance  of  a  silicious  nature; 
in  all  other  fonns  it  is  membranous,  with  or  without  adhering  sand 
particles,  or  consiets  of  a  calcareous  deposit  in  a  basis  of  organic 


matter.  The  sliell  is  either  a  simple  chamber,  usually  provided  with 
a  large  opening,  or  is  many- chambered,  that  is,  is  composed  of 
numerous  chambers  arranged  upon  one  another  in  a  definite  order 

•  Braides  D'Orbigny,  M»i  Schultze,  1.  c,  compare  W.  C.  ■Willinmsoii,  "On 
the  recent  Foraminife™  of  Grut  Britain,"  London,  1858.  Cwpenttr,  "Intro- 
duction t«  tbfl  Study  of  the  Forarainifera,"'  London,  1882.  Rauss,  "  Entvnirf 
eiuer  Bystom.  Zusammenstellung  der  Poraminiferen,"  Wien,  1861.  H.  B. 
Brady,  "Report  on  th«  Foramiuirera,"  ChalUnger  Reporlt,  1881.  J.  J.  Lister, 
"  ContributiouB  to  the  Life-Hiitory  of  the  Fomminifara,"  Phil.  Trans.,  186, 
189S. 
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according  to  definite  laws.  The  spaces  of  these  chambers  com- 
municate by  means  of  narrow  passages  and  large  openings  in  the 
partition  walls.  In  like  manner  those  portions  of  the  protoplasm 
which  are  enclosed  in  the  individual  chambers  are  in  direct  commu- 
nication with  one  another  by  means  of  processes  which  pass 
through  the  passages  and  openings  in  the  septa,  and  connect  one 
portion  with  another.  In  the  perforated  forms  there  may  be  an 
additional  complication  owing  to  the  formation  of  a  secondary 
shell  l)y  the  protoplasm.  This  secondary  shell  is  placed  outside 
the  primary,  and  is  traversed  by  canals  containing  the  protoplasm. 
The  multinucleate  condition  is  very  generally  found,  and  probably 
constitutes  a  phase  in  the  life-history.  For  instance,  in  Gramia 
and  Diffltujia  specimens  have  been  found  with  a  large  number  of 
nuclei,  though  the  usual  condition  appears  to  be  with  one  nucleus. 
The  quality  of  the  body-substance,  the  mode  of  movement  and 
nourishment,  agree  closely  with  those  which  have  been  depicted  as 
characteristic  of  the  class.  Our  knowledge  of  the  mode  of  repro- 
duction is  imperfect  Amongst  the  forms  without  a  shell,  fission 
has  been  observed.  In  Hcdijphysema  one  of  the  nuclei  with  a  small 
portion  of  protoplasm  is  said  to  become  marked  off  from  the  rest 
and  to  form  a  small  body  not  unlike  an  ovum  imbedded  in  the 
protoplasm.     This  may  be  called  intej-ncU  budding. 

In  several  of  the  families  of  our  order  (Aliliolidaiy  LagenidcBj 
BotalidcBy  and  Nummulinvlce)  we  meet  with  the  phenomenon  of 
dimorphism,  that  is  to  say,  the  species  is  made  of  two  distinct  kinds 
of  individuals,  which  appear  to  alternate  with  one  another  in  the 
life-history.  (Fig.  5.)  The  one  of  these  forms — the  mia'ospheric — is 
distinguished  by  the  small  size  of  the  initial  chamljer  and  by  the 
possession  of  a  large  numljer  of  small  nuclei ;  while  the  other — the 
m€galo»pheric — has  a  large  initial  chaml)er  and  one  lai^e  nucleus. 
In  the  microspheric  form,  reproduction  is  effected  by  the  simple 
emergence  of  the  protoplasm  from  the  shell  and  its  division  into  a 
number  of  spherical  bodies;  each  of  these  secretes  a  shell  which 
constitutes  the  first  chamber  of  a  megalospheric  form.  In  the 
megalospheric  form,  on  the  other  hand,  the  pi-otoplasm  in  the 
shell  breaks  up  into  a  num])er  of  small  masses,  each  of  which 
issues  as  a  flagellated  zoospore.  The  further  history  of  these  is  not 
known,  but  they  prolmbly  give  rise  to  the  microspheric  form. 

In  Polystomella  crispa  L.,  one  of  the  NvmmulmideBf  whose  life-history  is  better 
known  than  that  of  other  Foraminifera,  the  initial  chamber,  or  microsphere^ 
oocnpying  tlie  centre  of  the  shells  of  the  microspheric  form,  has  a  diameter 
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ut  tbout  10  fi.  It  is  succeeded  by  s  seriea  ot  cliunbera  or  graduallj  it 
aiia,  which  >re  sdded  ddc  Bfter  uiather  jn  >  ipiral  manner.  Kumbera  of  small 
DuclBi  which  iiicrcM«  in  Dumber  b;  nmple  divUion,  ire  ac&ttered  apparentlf 
imgularly  thnnigh  the  protoptssuL  The  existence  of  the  microspheric  form, 
u  ui  iudividiud,  is  tenuinated  in  the  following  manner,  Tlie  snimsl  becomes 
lirml;  sllsched  to  Bome  object  by  its  paeudopodis,  siid  the  protopUun  emerges 
ftDtn  the  shell.  After  involved  itresming  moTcmeDti  which  continue  for  somo 
hoars,  the  protopluni  divides  situultsneoUBl;  into  a  number  of  spherical  maaaea, 
having  generally  a  diameter  of  about  70  li.,  which,  after  secreting  a  shell, 
rapidly  draw  apart  from  one  another,  and  each  sets  up  ■□  indeiwndent  existence. 
These  form  the  initial  cbambera  of  the  megalotpheric  form  of  the  species.    The 
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whole  of  the  protuplastu  of  the  parent  is  tliiis  divided  up  to  form  the  brood  of 
yoong,  its  empty  shell  falliun  to  the  bottom.  Tlie  second  chamber  of  the 
■legslotpherif  form  of  ihyli/tlomrUa  has  a  iwculiar  shape,  and  the  other 
cbamben  added  in  succeasion  build  up  the  spiral  shell.  In  this  form  a 
single  U(|(e  nucleua  is  ]ireseiit,  whose  site  increases  with  the  growth  of  the 
protoplasm.  Prior  tu  tlie  reprdlnctjoii  iif  the  mefcalospheric  form  the  Isrge 
nndeui  disappears,  and  in  place  of  it,  tliough  the  way  in  wliich  they  are 
pfodnced  has  not  t<eeu  follflweil,  grrat  numbers  of  minute  nuclei  are  found 
•eattttvd  through  the  iwotoiilaani.  Aller  a  |>re1imiuary  division  of  these  nuclei 
by  kM7«Unc«ia,  the  protoplasm  broaka  up  into  tUgellated  tODsporea  hai-ing  a 
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diameter  of  5  /a.  The  intervening  stages  between  the  zoospore,  produced  by  the 
megalospheric  form,  and  the  microsphere  in  which  the  microspheric  form  takes  its 
origin,  have  not  been  followed ;  but  there  is  some,  though  at  present  incon- 
clusive evidence,  in  favour  of  the  supposition  that  the  microsphere  results 
from  the  conjugation  of  two  zoospores.  The  relative  sizes  of  the  microsphere 
and  zoospore — 10  fi.  and  5  au,  agrees  fairly  well  with  this  view.  One  of  the 
earliest  observations  relating  to  the  dimorpliism  of  the  Foraminifera  was  of 
the  well-established  fact  that  the  microspheric  form  is  much  less  abundant 
than  the  megalospheric,  and  this  admits  of  easy  explanation  on  the  supposition 
that  the  union  of  two  separate  organisms  is  required  for  its  production.  Finally, 
Schaudinn's  observation  of  the  coi^jugation  of  the  zoospores  of  Myalcpua, 
which  is,  however,  a  form  not  known  to  be  dimorphic,  supports  the  hypothesis. 

From  the  foregoing  account  of  the  life-history  of  Folystoinella  it  appears  that 
the  dimorphism  of  the  Foraminifera  is  due  to  the  occurrence  of  alternating  or 
recurring  generations,  and  there  is  some,  though  at  present  inconclusive 
evidence  in  support  of  the  view  that  the  megalospheric  generation  arises 
asexually,  and  the  microspheric  generation  as  the  result  of  conjugation.  In  the 
genus  OrhitoliUi  (Miliolidas)^  while  the  megalospheric  form  has  been  found  to 
be  produced  from  a  microspheric  form  as  in  Polyslamella,  it  has  also  been 
seen  to  arise  from  a  megalospheric  parent.  In  this  case,  then,  it  must  be 
supposed  that  the  generations  do  not  regularly  alternate,  but  that  the  megalo- 
spheric form  may  be  repeated  before  the  brood  of  zoospores  is  produced. 

Besides  the  difference  in  the  size  of  the  initial  chambers,  the  shells  of  the 
two  forms  present  in  some  cases  marked  differences  in  the  mode  of  growth. 
Tlius  in  the  genus  Biloculina*  {MiliolidcB),  while  the  mode  of  growth  of  the 
megalospheric  form  is,  as  shown  by  Schlumberger,  on  the  biloculine  plan  from  the 
first  (Fig.  6),  that  of  the  microspheric  form  is  at  first  on  the  quinqueloculine 
plan,  and  it  is  not  until  many  chambers  have  been  formed  that  the  biloculine 
plan,  characteristic  of  the  genus,  is  assumed. 

The  application  of  the  term  dimorphism  to  the  i)henomenon  above 
described  is  in  accordance  with  its  general  use  in  zoology  and 
botany.  It  has,  however,  been  used,  together  with  the  terms 
triinorphism  and  pol^pnorphmn^  in  another  and  quite  different  sense, 
namely  to  indicate  the  occurrence  of  two  (three,  or  more)  different 
modes  of  growth  in  the  building  up  of  the  shell  of  a  single 
individual.    Thus,  in  the  shell  of  the  genus  Peneroplis,  the  chambers 

*  The  mode  of  growth  of  the  shells  of  the  genera  Biloculinay  Trilocuiina, 
and  Quinqueloculina  is  a  modification  of  the  spiral.  The  chaml)er8  are  elongated 
and  increase  in  size  as  they  succeed  one  anotlier,  each  occupying  half  a  turn  of 
the  spiral.  The  result  is  that  the  mouths  of  the  chambers  are  directed  succes- 
sively in  opposite  directions,  and  a  long  axis  of  the  shell  is  thus  established. 

In  the  genus  Biloculina  (Fig.  5)  the  chambers  lie  in  the  same  plane,  and 
each  overbps  its  predecessors  at  the  sides.  Hence  only  two  chambers  are 
exposed  in  the  outer  contour  of  the  shell  In  the  other  genera  the  chambers 
are  narrower  and  do  not  lie  in  the  same  plane,  the  median  plane  of  each  being 
directed  at  a  definite  angle,  which  is  constant  for  the  genus,  to  that  of  ite 
predecessor.  The  result  is  that  in  one  case  three,  and  in  the  other  five 
chambers  are  exposed  in  the  contour  of  the  shell,  and  the  triloculine  and 
quinqueloculine  forms  of  shell  are  respectively  produced.  The  genera  TriloculiTia 
and  Quinqueloculina  (d'O.)  were  by  Williamson  included  in  the  genus  Miliolina, 
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are  at  fiiat  arraDged  spirally,  but  in  the  later  stages  of  growth  in  a 
rectilinear  series.     Such  forms  are  called  dimoq>hoits. 

Oonjngation  has  heeii  oltserved  to  take  place  in  a  few  cases 
(Aree/la,  Difflttgia,  EuijlyjUia,  etc.),  hut  details  concemiug  it  are 
unknown.  In  the  Folythalamous  forms,  it  is  possible,  as  hinted 
above,  tliat  conjugation  takes  place  lietween  the  free-sivinuning 
zooepores- 

The  Foraminifera  present  four  main  varieties  of  shell:  (1),  the 
chidnous,  e.g.,  Groniia,  imperforate ;  (2),  the  iwrcellaneous,  e.g., 
Miliola,  ini {perforate,  and  characterised  by  their  opaque  white  colour 
and  abundant  organic  basis ;  (3),  the  liyaline,  e.g.,  GMngerina, 
perforate,  and  with  but  little  organic  Itaitis ;  and  (4),  the  arenaceous, 
perforate,  as  in  Pganimoyihwra,  but  generally  imperforate.  The 
last  are  formed  of  small  foreign  particles  united  by  a  cementing 
substance.  It  is  the  fact  that  perforate  and  imperforate  nrenaceouu 
forms  are  found  within  the  limits 
of  the  same  family,  which  has  ren- 
dered necessary  the  abandonment 
of  the  old  division  of  the  order 
into  Perforata  and  Iiiqierforaia. 
S]>ecinienH  of  Biloculiiia  ringeim 
living  in  the  red  clay  at  3000 
fathoms,  a  depth  at  which  calca- 
Pra.  fl.-NninmuKtic  Liiiitiuiiie,  wjtL  reous  organisms  are  generally  absent, 
zitieii).  were  found  ny  Brady  to  luive  a  shell 

composed  of  silica. 
Analysis   of   the   calcareous   shells  shows  that  the  mineral   con- 
stituents consist  of  carbonate  of  lime  and  carljonatc  of  magnesia, 
the  latter  varying  from  five  to  ten  |ier  cent.     Tliere  is  Ijesides  a 
trace  (generally  under  0'5  per  cent)  of  silica. 

In  sjiite  of  their  small  size,  the  shells  of  our  simple  organisms 
may  lay  claim  to  no  small  consequence,  since  they  not  only 
accumulate  in  enormous  quantity  in  the  scu  sinid  (M.  Bchultze 
calculated  their  number  for  an  ounce  of  sea  sand  from  Molo  di 
Gaiita  at  about  one  and  a  half  millions),  hut  are  also  found  as 
fossils  in  different  formations  (the  cretaceous  and  tertiary),  and 
have  yielded  an  essential  material  to  the  construction  of  rocks. 
Silicious  nodules  of  PohjIhaJamia  are  even  found  in  Silurian  dei>ositH. 
The  most  remarkable,  on  account  of  their  considerable  size,  are  the 
XuhiiiiulUes  (Fig.  6)  in  the  thick  formation  of  the  so-called  Kum- 
niulite  limestone  (Pyrenees  and  elsewhere).     A  coarse  chalk  of  the 
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Paris  basin,  which  makes  an  excellent  building  stone,  contains  the 
Triloculina  ti-igonula  {MUiolite  chalk). 

The  greater  number  of  Foraminifera  are  marine,  and  move  by 
creeping  on  the  bottom  of  the  sea,  but  some  of  them  are  pelagic  and 
Olobigerina  and  OrbiUina  live  at  the  surface.  Some  of  the  genera 
are  found  in  the  brackish  water  of  estuaries,  and  they  may  even 
extend  into  fresh  water.  The  bottom  of  the  sea  at  very  consider- 
able depths  is  also  covered  with  a  rich  abundance  of  forms, 
especially  with  Glolngenna^  the  remains  of  the  shells  of  which  give 
rise  to  an  enduring  deposit. 


Order  I. 

Naked  Amoeba-like  Rhizopoda,  with  lobose  or  reticulate  pseudo- 
podia,  usually  with  nucleus  and  contractile  vacuole. 

Amoeba,  nucleated  forms,  with  contractile  vacuole  and  lobose  pseudopodia. 
Protamad>a  Haeckel,  small  forms,  with  lobose  pseudopodia ;  nucleus  and  con- 
tractile vacuole  not  observed,  ffyalodiscus  Hertwig  and  Lesser,  disc-shaped, 
nucleated  forms,  without  pseudopodia ;  locomotion  by  a  flowing  movement 
without  change  of  form.  Protomyxa  Haeckel,  Myxodictyum  Haeckel,  Protogenes 
Haeckel,  are  forms  with  anastomosing  pseudopodia,  and  without  observed  nucleus. 
PelomyxaGreeff  large  amoeba-like  forms,  containing  many  nuclei,  refractile  bodies, 
and  cylindrical  crystals.  Other  genera  are  Gloidium  Sorokin,  ChodoproUuB  Stein, 
PlakopuB  F.  £.  Schulze,  Dactylosphoera  Hertw.  and  Lesser,  Podostama  Clap,  and 
Lachm.,  Amphizoyiella  Greef,  Gymnophrys  Cienk.  BcUhybitis  Huxley,  found  in 
the  deep  sea  mud  of  the  Atlantic,  if  it  is  indeed  a  living  organism  (and  not 
simply  a  dejiosit  of  gypsum).  CoccoliiJis,  Coceospheres,  and  Hhabdospheres  are 
found  in  the  gelatinous  mud  of  the  bottom  of  the  Atlantic,  and  were  supposed 
by  Huxley*  to  be  portions  of  the  body  of  Bathybius.  Similar  bodies  have  been 
found  in  the  chalk.  They  are  in  reality  small  marine  vegetable  organisms,  with 
calcareous  walls,  and  are  oceanic  in  habit  They  form  with  Diatoms  and  pelagic 
OtcillatoricBy  a  large  part  of  the  vegetable  food  of  marine  animals,  f 

Order  II.    Testacea  (Foraxninifera). 

Principally  marine  Rhizopods,  with  a  shell  which  is  either 
membranous,  calcareous,  or  rarely  silicious,  and  may  be  single- 
chambered  {Moiiothdlamia)  or  many-chambered  (PolythcUajnia), 
usually  with  more  than  one  nucleus. 

In  this  order  the  pseudopodia  are  generally  slender  and 
anastomosing,  but  in  the  fresh  water  Arcella  and  Difflugia  (Fig.  8) 
they  are  lobed.  The  protoplasm  has  the  iK)wer  of  exuding  through  the 
openings  in  the  shell  and  of  forming  a  layer  which  may  be  much 
vacuolated  on  the  outside  of  the  shell  (Fig.  10).  In  such  cases  the 
shell  may  be  regarded  as  an  internal  structure,  and  appropriately 

♦  Q.J.M.S,,  vol.  8.  t  Vide  Nature,  1897,  p.  610. 
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compared  with  the  internal  capsule  of  tlie  Badiolaria.  The  shell 
also  often  poesesses  long,  delicate,  spiny  processes  which  ate  broken 
off  unless  the  animal  be  very  carefully  handled  (Pig.  10). 

The  Foramini/era  are  mainly  bottom  organisms,  but  a  few  genera 
of  the  hyaline  forms  are  pel^c  The  pelagic  genera  are  important 
because  of  their  extraordinaty  abundance.  Whether  these  pel^c 
forms  have  the  power  of  8up]>orting  life  on  the  surface  of  the  bottoni- 
ooie  is  unknown. 

The  definition  of  species  and  genera  in  this  order  is  rendered 
difficult  by  the  large  number  of  intermediate  yarieties,  which, 
indeed,  oft«n  constitute  a  complet«  series.  Car[)euter*'  on  this 
subject  writes  as  follows:  "ITie  ordinary  notion  of  species  aa 
aaaemblages  of  individuals  marked  out  from  each  other  by  definite 


cbai'acters  that  have  been  genetically  transmitted  from  original 
prototypes  similarly  diatingiiiahed,  is  quite  inapplicjilile  to  this 
group ;  since,  even  if  tlie  limits  of  such  assemblages  were  extended  so 
as  to  include  what  would  elsewhere  be  accounteil  gcueni,  they  would 
atill  be  found  ao  intimately  coimected  by  gradationiil  links,  that 
definite  lines  of  deiuaiiaition  could  not  lie  drawn  Iretweun  thcni," 

Fnm.  1.  AroeUina.  Shell  wstch'glasa  shaiie,  membranona  ;  witEi  nioro  than 
one  luiclens ;  with  contractile  vacuoles ;  (pu  vacuoles  with  a  hydroatatic 
fnnction  may  be  secreted  by  tbe  [irotuplaaiH.  Frrah  water.  Coehliopodium 
Hertw.  and  Lesser,  Pyiidieala  Ebrbg.,  Aralla  Ehrltg.,  Hyatotphaiia  Stain, 
Quadrula  F.  K.  3tliuke.  Diffiwjia  Leclerc,  ehell  iucrasleil  by  foreign  iiarticles, 
iisaHlly  iiyrifomi  iu  sUaiie  {fig.  8). 

•  W.  R.  Carpeuter,  "  Introduction  to  tha  Study  of  tbe  Foraminifei-a,"  preface. 


RHIZOPODA.  13 

Fam.  2.  Euglyphina.  Shell  chitinous  or  silicious,  composed  of  hexagonal  or 
roundish  plates  ;  pseudopodia  pointed,  branched.  Fresh  water.  Euglypha  Dtg. 
(Fig.  7),  Trinema  Diy. 

Fam.  8.  Oromids.  Test  chitinoiis,  smooth  or  incrusted  with  foreign  bodies, 
imperforate,  with  a  pseudopodial  aperture  at  one  or  both  extremities ;  pseudo- 
podia long,  branching,  reticulated.  Fresh  water  and  marine.  Ch-wntaDnj,, 
LieberkUhnia  C.  and  L.,  Mikrogromia  R.  Hertwig,  Diaj^iaropodan  Archer, 
Shqfherdella  Siddal 

Fam.  4.  Xiliolids.  Test  imperforate,  mono-  or  polythalamic ;  normally 
calcareous  and  porcellaneous,  sometimes  incrusted  with  sand ;  under  starred 
conditions  {e.g.  in  brackish  water)  becoming  chitinous  or  chitino-arenaceous ; 
at  abyssal  depths  occasionally  consisting  of  a  thin  homogeneous,  imperforate 
silicious  film.  Marine.  Squamulina  Schultze,  Ntibecularia  Defrance,  Bilo- 
eulina  d'Orb.,  Fahularia  Defrance,  Spiroloculina  d'Orb.,  Miliolina  Williamson, 
Hauerina  d'Orb.,  Vertebrdli'na  d'Orb.,  Orbieulina  Lamarck,  Orbilolites  Lamarck. 

Fam.  5.  Aftrorhiiids.  Test  inrariably  composite,  usually  of  large  size  and 
monothalamic  ;  often  branched  or  radiate,  sometimes  segmented  by  constriction 
of  the  walls,  but  seldom  or  never  truly  septate ;  polythalamic  forms  never 
symmetrical. 

Sub-fam.  1.  AstrorhizintB,  Walls  thick,  composed  of  loose  sand  or  mud 
very  slightly  cemented.  Aatrorhiza  Sandahl,  Pelosina  Brady,  Syringammina 
Brady. 

Sub-fam.  2.  Pilulituje.  Test  monothalamic ;  walls  thick,  composed  chiefly 
of  felted  sponge-spicules  and  fine  sand,  without  calcareous  or  other  cement. 
Pilulina  Carpenter. 

Sub-fam.  3.  Sauscamminina.  Chambers  nearly  spherical;  walls  thin, 
composed  of  firmly  cemented  sand  grains.  Scuxainmina  M.  Sars,  Psam- 
mospheera  Sch.,  Sorosphaera  Brady. 

Sub-fam.  4.  Hhabdamminince.    Test  composed  of  firmly  cemented  sand 

grains,  often  with  sponge-spicules  intermixed ;  tubular,  straight,  radiate, 

branched,  or  irregular ;  free  or  adherent ;  with  one  or  more  apertures  ; 

rarely  segmented.     Bhabdammina  M.  Sars,  JRhizammina  Brady,  Sagenella 

Brady,  BoUllina  Carp.,  Haliphysema  Bowerbank. 

Fam.  6.  LituolidsB.     Test  arenaceous,  usually  regular  in  contour ;  septatiou 

of  the  polythalamic  forms  often  imperfect,  chambers  frequently  labjrrinthic. 

Comprises  sandy  isomorphs  of  the  simple  porcellaneous  and  hyaline  types 

{Comuapira,  Miliolina^  Lagena^  Olobigerina^  Hotalia,  etc.),  together  with  some 

adherent  species.     LUuola  Lamarck,  Thurammina  Brady,  Amnwdiacus  Reuss, 

Trochammina  Parker  and  Jones,  JVehbina  d'Orb.,  Cyclammina  Brady. 

Fam.  7.  TeztnlaridsB.  Test  of  the  larger  species  arenaceous,  either  with  or 
without  a  perforate  calcareous  basis ;  smaller  forms  hyaline  and  conspicuously 
perforated.  Chambers  arranged  in  two  or  more  alternating  series,  or  spiral, 
or  confused;  often  dimorphous.  Textularia  Defrance,  Cuneolina  d'Orb., 
Vemeuiliiui  d'Orb.,  Tritaxia  Reuss,  Pavonirui  d'Orb.,  Valvulina  d'Orb., 
ClaviUina  d'Orb.,  Bulimina  d'Orb.,  Virgulina  d'Orb.,  Bolivina  d'Orb., 
PUuroUomeUa  Reuss. 

Fam.  8.  Chiloitomellids.  Test  calcareous,  finely  perforate,  pol3rthalamous. 
Segments  following  each  other  from  the  same  end  of  the  long  axis,  or  alternately 
at  the  two  ends,  or  in  cycles  of  three ;  more  or  less  embracing.  Aperture,  a 
curved  slit  at  the  end  or  margin  of  the  final  segment.  Ellipsoidina  Seguenza, 
CkUoBUmulla  Reuss,  Allomorphina  Reuss. 
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Fun,  B.  Lmc«hUb.  Tot  calcareooa,  rtry  finelj  perforated  :  either  mono- 
T  conaiitiiift  of  ■  nnmber  of  chunbera  joined  in  &  itia%ht,  earred, 
«pinl,  alteniAting  or  (nnlj)  bisnching  series. 
ApertDic  ample  or  t«di»te,  tenninal.  Ko  inter- 
septal  ikeletoD  nor  canal  ^vtem.  Logena  Walker 
and  Boys,  monothalamoas ;  tfedoaaria  I^mani, 
chambera  in  linear  leria ;  Lingaiiwa  d'Orb., 
Frondiatiaria  Defiance,  Biabdcgimium  BeiiM, 
Marginulaia  d'Orb.,  Fagiiuilina  d'Orb.,  Bimu- 
lina  d'Orb.,  Oritlellaria  I^m.,  chambera  in  apiial 
■eries ;  Amphianyiu  Schlumberger,  Litufuliimptit 
Bean,  Flabeiiina  d'Orb.,  Poiymorjt/iiita  d'Orb., 
IXnurrpkina  dOr^i.,  l/vigeritia  d'Orh. 

Fam.  10.  GleUgaiinidB.  Trat  free,  calcmreona 
perforata ;  cliamben  few,  inHated,  arranged  Hpi- 
rallj  ;  aperture  single  or  mnltiple,  oonspicooiu. 
No  HtpplemeDtarj  akeleton  nor  canal  system.  All  the  Ui^r  ajieciea  pelagic  in 
habit.  Olobigerina  d'Orb.  when  taken  in  a  spoon  shnn-s  very  long  line  calcarcoua 
apinea  prnjecting  from  the  shell  (Fig.  10).  These  are  not  foand  in  forms  taken 
ill  the  tow-net  or  in  ooze.  Dimorphism  has  not  been  observed  in  this  genuK. 
OrteJtna  d'Orb..  spherical  aliell,  often  double,  containing  Globigerina-like  shell ; 
it  is  formed  by  the  external 
protoplum  as  a  kind  of 
large  last  chamber.  Hatti- 
gerina  Wy.  Thomnon,  Put- 
fcwin  P.  and  J.,  Spharaidijut 
d'Orb.,  Candtina  d'Orb. 

Fam.  II.  Botalida.  Teat 
calcareous  perforate  j  free 
or  adherent.  Typically 
spiral  and  *■  Eotalifonn," 
'.e.,  coiled  in  such  a  mau- 
ler that  the  whole  of  the 
segments  are  visible  on  the 
superior  surface,  thoaeofthe 
last  convolution  only  on  the 
inferior  or  apertural  side, 
sometimes  one  face  being 
mora  convei,  sometimes  the 
otlier.  Aberrant  forma  evo- 
lute,  oulapread,  acervuline, 
or  insular.  Some  of  the 
,  higher  modifications  n-ith 
-  double  cliamber  walls,  sup- 
^  plemental  skeleton,  and  a 
,  aystemofcanala.  SpiriUina 
Ebrbg.,  Cgmbalopm-a  Hage- 
noK,  Diacorbina  P.  and  J. 
plattorlmlina  d'O.  (Fig.  9),  Trunai/uftia  d'O.,  ATuymaliim  P,  and  J.,  Carpoi- 
Una  Gray,  Pidvinuliiia  P.  and  J.,  Boialia  Lam.,  CaiaiHna  d'O..  Tinoporua 
Carpenter,  Oypsiiut  Carter,  Thidamopora  Roemer,  F<iytreina  Risao,  PaUUina. 


PiK,   lO.^Hiallgrri'"' 


Liolited  piutoplum,  enc 
ton.UA  aiobigerini-llke  shfll.  Kro 
pmtoplaim  prujor.t  not  only  Biio 
hollow  olcareon*  ipipes,  Bhlch  m 
(from  Murraj-J. 
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Fam.  12.  VvmrniilixiidflB.  Test  calcareous  and  finely  tubulated ;  typically 
free,  polythalamous,  and  symmetrically  spiral.  The  higher  modifications  all 
possessing  a  supplemental  skeleton  and  a  canal  system  of  greater  or  less 
complexity.  Fusulina  Fischer  and  Schwageriixa  Moller  extinct,  palceozoic, 
Nanionina  d'O.,  Polystamella  Lam.,  Archadiicus  Brady,  carboniferous, 
AmphisUgina  d'O.,  Operculina  d'O.,  HeterosUgina  d*0.,  NummuliUs  Lam. 
mostly  extinct  (Carboniferous  and  Eocene),  Cycloelypeus  Carp.,  Orbiloidet 
d'O.,  JSozoon  (?)  Dawson. 

Tettamosbiformia  (Carter.  An.  and  Mag,  1880).  Adherent  testaceous 
Rhizopoda  with  the  general  form  of  Amoebti,  Systematic  position  doubtfuL 
Holodadina  test  calcareous  and  branched  with  pustuliferous  surface, 
CysCeodietyina  test  calcareous,  sessile,  nnbranched,  uniformly  punctate  surface, 
Ceratestina  test  chitinous  and  polythalamous. 

Sub-class  II.     MYCETOZOA.* 

Gymnoinyxa  of  large  size,  forDied  by  the  fusion  of  many  small 
amoeborlike  forms.  Fi'uif4ike  cysts  o)'  spoi'ophore,  and  coated  spores 
are  always  formed. 

The  Mycetozoa  were  formerly  regarded  as  Plants,  and  under  the 
name  Myxomycetes  placed  amongst  the  Fungi.  After  the  discovery 
that  the  spores  do  not  produce  a  mycelium,  but  hatch  out  as  swarm 
cells,  de  Bary  introduced  the  name  Mycetozoa.  They  have  the  form 
of  large  masses  of  a  granular  protoplasm  bounded  by  a  clear  proto- 
plasm— the  ectoplasm — without  granules.  These  masses,  whigh  are 
called  Plasmodia  and  may  attain  a  surface  extension  of  several  square 
inches,  infest  the  damp  surface  and  interstices  of  vegetable  substances, 
such  as  dead  leaves,  rotten  wood,  or  even  sound  wood.  They  spread 
out  into  a  network  on  their  substratum,  over  which  they  advance 
with  a  creeping  movement  due  partly  to  the  formation  of  pseudopodia 
at  the  advancing  margin  and  partly  to  the  flow  of  the  dark  granular 
endoplasm.  The  flow  of  this  latter  is  a  rhythmic  one,  being  reversed 
at  nearly  regular  intervals.  The  endoplasm  contains  numerous 
nuclei  and  vacuoles,  and  sometimes  granules  of  calcium  carbonate. 
The  vacuoles  often  contract  and  expel  their  contents  which  is  either 
watery  or  of  refuse  matter.  Occasionally  the  streaming  ceases,  the 
Plasmodium  breaks  up  into  masses  containing  ten  to  twenty  nuclei,  a 
superficial  membrane  is  formed  round  each  of  these  masses,  and  they 
enter  a  resting  state :  this  is  the  stage  of  the  Sclerotium.  The 
sclerotium  can  be  made  to  reassume  the  active  condition  by  the 
addition  of  moisture. 

•  De  Bary,  "Die  Mycetozoen.*'  1864.  A.  Lister,  **A  Monograph  of  the 
Mycetozoa."  London,  1894.  W.  Zopf,  **Die  Pilzthiere  oder  iShleimpilze." 
Sjicyklopcedie  der  Naturwissenachaflen,  1885. 
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The  reivrodnction  is  always  effected  by  spore-fonnatioiL  The 
spores  are  either  contained  within  fruit-like  cysts — the  Sporangia 
— (Endosporeix\  which  are  either  simple  (spore  fruits)  (Fig.  11)  or 
combined  into  an  (ethcdium  (fruit-cake)  of  a  cushion-like  shape 
consisting  of  numerous  convoluted  sporangia  (Fig.  12);  or  they  are 
not  contained  in  a  cyst,  but  are  produced  upon  the  surface  of 
upgrowths  of  the  plasmodium  —  the  sporopJiore — (Exosporece). 
In  the  latter  case  the  spores  divide,  after  issuing  as  amoeboid 
organisms,  by  three  successive  bipartitions  into  eight  cells, 
which  soon  obtain  flagella  and  separate ;  they  are  comparable  to  the 
just-hatched  spores  of  the  Endosporete,  The  spores  are  always 
enck^ed  in  a  coat  of  a  cellulose-like  material  and  possess  a  single 
nucleus.  Thev  are  contained  as  a  rule  in  the  meshes  of  a  network  of 
sufkpoTting   fibres — the   eapiilitium — which    is   formed   within   the 


riift.  IL— itjwrrwaK  %mit\%s  (from  Liiter\ 
•«,  tvo  spona^  ■a^Biftcd  nine  times; 
\  captUittom  threads,  vitk  lisMskaots 
anac^c<d  to  a  frafnent  of  tb«  spocangiiim- 
vall.     X  lia 


third  aataxal  siae;  6,  capOlitiiaB 
with  lime-kaots  aad  tvo  sporea.     x 


spi.'vaDgial  cy^  by  the  spor^protoplasm.  The  division  into  spores  is 
in  the  EmfK^<*nfiw  preceded  by  a  single  division  of  the  nuclei  of  the 
sporeplasm  by  karyokinesi!^  ♦  On  the  tj^nt^ination  of  the  spore 
tlie  spore  ouit  bur^its  and  the  contents  L^ues  as  an  amoeboid 
organism  which  soon  protrudes  one  flagellum.  (Fig.  13.)  The 
sw;irttKelIs  so  formed  swim  by  their  flageUum,  ingest  solid  food 
by  their  pseudopodia  (at  the  non-flagellate  end)  and  undergo 
frequent  bijuirtition.  They  may  also  withdraw  the  dagellum  and 
eiK'ysfi  (•i4im»r^^^  bu:  this  is  only  temjvniry :  they  emerge  and 
r<^*ssu2ie  the  swarrr^-o*!!  form.  After  a  time  the  flagellum  is 
withdr^iwn  42d  th-ey  creep  aK?u:  in  an  amo^K^Id  manner,  and 
ultinLi^*ly  aevvnl  of  :riein.  fuse  together  to  form  the  multinucleated 
pjagaiv>ii"TTi.    K  Fi^.  1  ^'  * 
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Older  1.  EzMpon*.  Spores  prodnced  on  the  aporophores  and  not  eDclascd 
ill  a  cyst  €aratiomyxa  Schroeter,  plumodium  in  rotten  wood  fruiting  oa  the 
outside. 

Order  2.  SndoiporeB.  Spores  prodnced  iu  a  apoiangium.  Badhamia 
Berkeley,  Phytarum  Persoon,  Fuliga  Haller,  sporangia  combined  into  an 
tethaliiua.  F.  aeplica  Gmelin,  floners  of  tan.  Cienk»vakia  Boatafinski, 
Fhytarella  Peck,  Craterium  Trentepoh],  Laxarpus  Link,  ChondriotUrma  Ro8t, 
TrUkampKora  Jnnghuhn,  Diachaa  Fries,  Didyimma  Schrader,  Lepidodtrma 
de  Bary,  Sltmonitit  Gleditnch,  Comatrieha  Frenss,  Eiterllienema  Bowman, 
LampTvdtrma  Rost. ,  ClattotUrvia  Blytt,  AmaumcAitte  Host.,  Brr/tldia  Boat., 
Lindbtadia  Fries,  Or^iraria  Pars..  DidydiKm  Schrad.,  Licea  Schrsd.,  OrtatUUa 
AVingate,  Tuitulina  Para.,  Siphoptychium  Boat,  Alvitia  Berkeley  and  Broome, 
DiciydiaOialium  Boat,  EiUendium  Ehrenb.,  Beticularia  Bull,  Triehia  Haller, 
Oligoncma  Boat.,  Comucia  Bost,  Arttfria  Hill,  Lacknobolut  Friea,  Perickctna 
Fries,  Margarita  Lister,  UianejTia  Rei,  Froloiriehia  Rost,  Lyeogtla  MichelL 


a.  IS.—lridjfniuM  dl/orme  (alter  Lister) 

I,  8])oro;  b,  »w«nn-cell  eaciplng  ftom  the  joung  plaiDiodlDiD  w« 

ipore-fAH;  c,  neirly  halched  swana-celL  bod   simnn-cells    BObi 

■dtJi  DDcleui  and  three  ncualea;  d,  llisel  turned  into    ucrocisti 

ited  ewinn-etll;  c,  mim-et]\  ■ith  two  eyit  being  dlgeeted  in 

racooLee  containing  bacterta,  and  piDdneed  e    pty  apore  ihiU  at  x 
Lt  Cha  pueterlor  end  into  pHudopodIa;  / 


■Didtnium  djorna  (after  Lister), 
nnn-cells    ■ome  of  which   have 


In  the  neighbonrhood  of  Myabaoa  may  be  placed  proviaioually  the  peculiar 
mftrinefoim  Xofrvn'niAvfa,  described  by  Cienkovaky  (^nA./.  M.  A'uit.,  III.), 
from  the  harbour  of  Odessa.  This  animal  consists  of  aggregationa  of  roundiah 
to  spindle-shaped  celts  pUced  in  a  finely  granular  substance.  From  this  mass, 
hyaline  or  finely  fibrous  processes  are  given  olf.  These  processes  linlich  and 
anastomose  so  as  to  form  a  labyrinthic  network  along  whicli  the  cells  glide. 
CfUamydomyxa  Archer  {Q.J.M.S.,  XIX.),  seems  to  be  a  fresh-water  organism  of 
the  some  nature. 

The  Sorophora  which  are  classed  by  some  author?  with  the  Mycetozoa,  appear 
to  be  more  nearly  allied  to  Labyrinlhula.  In  the  vegetative  phase  they  live  on 
the  dang  o(  various  aniniolK,  and  arc  formed  by  the  coming  together  of  numbers 
or  amcebuliE  produced  from  spores.  The  amnbulie,  however,  retaiu  their 
distinctness,  and  do  not  fuse  to  form  a  homogeneous  Plasmodium  as  in  the 
Mycetozoa,  nor  are  there  streaming  movements  throughout  the  niass.    The  mode 
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spore-forniation  sometimes  takes  place.  This  has  been  observed  in 
AcfinoffpjKpriumy  in  which  form  the  spores  acquire  a  silicious  coat. 
In  some  genera,  e.(j.,  Clathndina  tlie  spores  are  liatched  as  flagellate* 
forms. 

Conjugation  of  two  or  more  individuals  has  been  observed.  Ac- 
cording to  Brauer  the  nuclei  of  Actinosphwrium  fuse  with  one 
another,  so  that  their  number  may  be  much  reduced.  Whether 
this  nuclear  fusion  takes  place  only  in  forms  which  have  resulted 
from  conjugation,  is  not  known. 

Schaudiim  has  recently  published  a  preliminary  account  of  the 
encystment  and  coiyugation  of  Actinoijhrys  soI,\  which  is  of  special 
interest  in  view  of  a  similar  process  descril)ed  by  Woltei'sJ  in  the 
Gregarines  {Monocygtu\  and  the  division  of  nuclei  preceding  conju- 
gation in  the  Ciliata,  He  finds  that  after  two 'individuals  have  come 
together  and  formed  a  cyst  wall,  the  nucleus  of  each  divides  by 
karyokinesis  into  two  daughter  nuclei,  of  which  one  is  extruded 
from  the  protoplasm,  while  the  other  unites  with  its  fellow  to 
form  the  conjugation  nucleus.  The  subsequent  division  of  this 
nucleus,  together  with  the  protoplasm,  into  two  or  four  gives 
rise  to  the  i-esting  cysts,  from  which  after  some  days  the  young 
Actiiwphrys  escapes.  Tlie  analogy  of  this  process  with  the  forma- 
tion of  the  polar  bodies  in  the  maturing  ova  of  higher  animals  is 
striking. 

Order  1 .  Aplirothoraea.  Heliozoa  without  a  skeleton  (sometimes  temporarily 
invested  by  a  gelatinous  membrane).  NucUaria  Cicnk.  body-form  cliangeable, 
multinucleate ;  {Monobia^  VampyrelUiy  Afyxastrum  sometimes  placed  here). 
Adinophrys  Ehrb.  (the  sun  animalcule)  pseudopodia  with  axial  fibre  which 
can  be  traced  to  the  single  central  nucleus ;  may  form  colonies  by  in- 
complete fission.  Adinosphaerium  Stein,  large,  multinucleate ;  Actinolophus 
F.  E.  Sch. 

Order  2.  Chlamydophora.  Heliozoa  with  gelatinous  envelope.  Hctcrcphrys 
Archer ;  SpkoBrastrum  Greef. 

Order  3.  Chalarothoraea.  Heliozoa  with  skeleton  of  loosely  an-anged 
isolated  silicious  spicules  ;  Pompholyxophrys  Archer ;  Baphidiophrya  Archer ; 
Pinacoeystis  H.  and  L.  ;  Piimciophora  Greef;  AcarUhocystis  Carter. 

Order  4.  Deimothoraoa.  Heliozoa  with  a  stalked  or  unstalked  shell  per- 
forated by  numerous  pores  ;  Clathrulvw,  Cienk.  ;  Orbulinella  Entz. 

♦  Cienkowski.  Arch./.  Mic.  Anat.,  1867,  p.  811. 

+  Fr.  Schaudinn.  "  Uber  die  Copulation  von  Actinophrys  sol."  Siizung^fer, 
d.  K.  pr.  Akad,  d.  Wiss.  zu  Berlin^  1896,  V. 

t  **I>ie  conjugation  und  sporenbildung  bei  Gregarinen.'*  Arch./.  Mikr.  Anal. 
XXXVII.  \u  99. 
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Sub-class   IV.     RADIOLARIA* 
Marine  GyniHomyxa  irilh  raiHaiing  jigeinfopoifia,  central  eapade, 
anil  uguathj  a  tl.-fteton  nf  rilim  or  araiifhin. 

The  Ixuly  ciiiitains  a  niembmnoiia  i>orous  capsule  (the  central 
ra/iml''),  ill  vhich  is  contained  a  slimy  iiroto|>lasiu  witli  vacuoles  and 
;,rTaniile!)  (infra^'i/nntlar  earrijile),  fat  and  oil  globules,  and  albuininoua 
iKMlies,  and  iiioif  rarely  crj-ntobi  and  concretionx.  The  intracapeular 
inaHS  contains  also  a  single  large  nucleus  or  several  small  nucleL    The 


cxtracai>Muliir  surcode  which  coin  nit  mica  tea  with  the  iiitnmu|isular 
through  Wv;  \mvs  in  the  ca]>sTiIe,  and  whi^^Ii  emits  on  all  sides  simple 
cjr  aiiastomi  ising  i)si'udoi«>ilia,  contiiins  numiTiiua  yellow  cells,  some- 
time* ]»igiiieiit  nia«si-s ;  an<l  in  »)mc  cufws  it  is  much  vncuojutud  like 
the  external  i.rotcipIit*in  <if  some  [leliigic  Foraniinifem  {Tlialatmieolla 
l^la'jka.  Kifj.  IC).  Tlie  yellow  cells  are  Algip  living  symhioticaUy  with 

•  Job.  Mlllli-r,  "  UeWr  die  TlialiMicollcii,  Polycystineii  uii.l  Acaiithonictren." 
Abh.dtrll'-rl.  Akad.  1S5S.  K.  Haeoltel,  '•  Dit  Ibxdinlarien ."  EJDe  MonoimiiJiiB, 
llerliii,  ISflJ.  K.  Herttt-iff.  "  I^r  Orgniiiihiux  dcr  Jladiotari'-}<."  Jeua,  1878. 
E,  Haetki'l,  "  Rei>oii  on  the  Rwliolaria."     ChalUngtr  £.-pari^,  1887. 
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the  Rftdiolarian.  They  Iiavo  been  named  Zoamnthella  nulrkola,  and 
contAin  chloi'oi>hyl,  a  nucleui)  and  n  cellulose  wall.  The  central  cajKnilc, 
which  may  Iw  either  conical  or  spherical,  is  either  i>erforoted  by  fine 
IWTes  over  its  whole  circumference  {Pei-ipylaria),  or  the  pores  are 
limited  to  a  definite  part  of  its  surface  (^Mmiofujlaria),  or  there  are 
only  a  few,  usually  three,  large  pores  {Tnpylaria), 

Many  Kadiolaria  form  colonies,  and  are  composed  of  numerous 
individuals.  In  sucli  colonies  tlie  extracapsular  protoplasm  is  united 
with  that  of  neiglibouring  individuals,  so  that  the  whole  colony  may 
be  described  as  consisting  of  a  common  mass  of  vacuolated  protoplasm 
containing  in  itself,  not  as  in  the  monozoic  Radlolaria  a  single  central 
capsule,  but  a  number  of  cajwules. 

The  nhole  animal — in  the  BoUtory  u  well  u  in  the  colonial  forma— u 
embedded  la  a  stnicturelesB  jelly,  called  the  Calymma.  The  extracnp^ular  proto- 
plasm may  be  described  as  consisting  of  the  followiug  parts  :  (1)  t\\o  Sarcomatrix, 
the  layer  which  auiTounds  tlie  central  capsule  ;  (2)  the  SurtodieVjUM,  the  layer 
which  bonnds  the  outer  surface  of  the  calymma ;  (3)  the  Sarcoplegnm,  or  anaato- 
mosing  threads  which  traverse  the  calymma  and  connect  the  sai'codictyum  and 
sarcomatrii.     From  the  extracalymmar  aai'Codictyum  proceed  the  |>3eu(Io]iodiB. 

Only  a  few  tpecies  remain  naked  and  without  firm  dejiosits,  as 
a  rule,  tlie  soft  body  ]K)ssesses  a  skeleton,  wlitch  v*  complied  cither 
of  silica  or  of  an  organic 
substance  called  Aeanthni, 
and  cither  lies  entirely 
outside  tlie  central  capsule 
{hctoltthta)  or  IS  partially 
withui  it  (Eniohihta)  In 
tlie  most  Sim]  lie  cases 
the  skeleton  coiixistn  of 
small,  simple,  or  tootheil 
sihcinus  needles  (spicula) 
united  together,  h  hich 
sometimes  give  rise  to  a 
fine  sponge  work  round 
the  penpherj  of  the  proto 
plasm,  •■  g  ,  Phy>«iiialtuiii 
In  a  higher  grade  we  find  p,o.  n.-Ae«nii,<».,tir«  miitri  (ific-r  e.  ii«tcVc\). 
stronger   hollow  silicious 

spicules,  which  radiate  from  the  middle  point  of  the  iKwiy  to  the 
periphery  in  regular  number  ami  order,  e.g.,  Acantkomeda.  (Fig.  17.) 
A  fine  pei-iiiheral  framework  of  spicules  may  lie  added  to  these. 
In  other   coses  simple  or  compound    lattice-works,  and   perforated 


nliells  of  various  external  fonn  (like  helmets,  bml-cagoa,  ahellB, 
etc.)  are  found,  and  on  the  periphery  of  these,  Bpicuics  and  needles, 
and  even  external  concentric  shells  of  similar  shape  maj'  ^x  formed, 
e.g.,  PolyryBlina.   (Figs.  18  and  19.) 

Up  to  the  present  time  but  little  has  been  mode  out  about  the 
reprodiiction  of  these  animals.  Besides  fission  of  tlie  central  capsule 
(Polyci/itaria),  the  formation  of  spores  lias  been  observed.  These  are 
formed  from  the  contents  of  the  central  capsule,  and,  after  the  burst- 
ing of  the  latter,  become  free-swimming  mastigopoda.  The  spore- 
formation  is  of  two  kinds :  in  the  one  it  results  in  the  development 
of  a  mastigopod  contain- 
ing a  crystal — the  cri/»- 
tallujermi*  swarmer ;  in 
the  other  (dimorphous) 
two  kinds  of  swarmers  are 
formed — the  macrospores 
and  micTOajjores,  being 
distinguished  from  one 
^  another  by  their  size. 
The  furtlior  hiatoiy  of 
the  spores  ts  not  known. 
Coi^ugation  has  not  been 
oliaerved  in  the  Radio- 
Inria ;  but  it  lias  been 
suggested  that  the  macio- 
spures  and  microspores 
may  turn  out  to  bo  CODJU- 
gating  cells.  Radiolaria 
are  inhabitants  of  the  sea,  and  swim  at  the  surface,  but  some  live 
oil  the  bottom,  even  at  great  deptlis. 

Fossil  remains  of  Radiolaria  have  been  mode  known  in  great 
nunibeis  by  Elircnberg,  e.g.,  from  the  chalky  mart  and  [wlishing  slate 
found  at  certain  parts  of  the  coast  of  the  Mediterranean  (Caltonisetta 
in  Sicily,  Zante  and  iUgina  in  Greece),  and  in  particular  from  the 
rooks  of  Barbados  and  Nikolar,  where  the  Radiolaria  have  given 
rise  to  widely  extended  rock  formations.  SamiJes  of  sand  also 
from  very  considerable  deptlis  have  shown  thcmseli'cs  rich  in 
Kadioiarion  shells. 

Order  I.   FZErpTLABU.  Central  capsule  unifonuly  perforatul  by  nunieroui 
fioe  pores,  with  or  without  ailicioaa  skeleton. 
Vaxa.  1.  CollDidaawitliontskeleton.— Solitu'jare  Tltala43olampe'K.,  ThaUau- 


a.  IS.— VdfMiikRii  «MH<d»  (>n(T  B.  BaecksIX 
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pUa  H.,  ThaUissieolla  Huxl^,  ThdUisaophyaa  H.  ;  colonial  {Polyeyitaria)  is 
Collozoum  H. 

Fam.  2.  Beloidea,  skeleton  of  loose  silicious  needles. — Solitary  are  Thalasso- 
sphcera  H.,  Thalassoplaiuia  H.,  PhysenuUium  Meyen  ;  colonial  {Polycyttaria) 
are  BeUmozoum  H.,  SpJutrozoum  Meyen. 

Fam.  8.  Sphnroidea,  with  one  to  numerous  concentric  spherical  shells. 
Colonial  (PolycyUaria)  are  Collosphoera  Muller  one-shelled,  CUUhrospheera  H. 
two  concentric  shells  ;  solitary  are  Stigmosphcera  H.  1 -shelled,  Carposp?uera  H. 
2-shelled,  Thecosphasra  H.  S-shelled,  Cromyosphara  H.  4-8helled,  Xiphospktxra 
H.  1-shelled  with  two  radial  spines,  Stylosphasra  H.  2-8helled  with  two  radial 
spines,  Staurosphoera  H.  1-shelled  with  four  radial  spines.  Hexastylus  H.  one- 
shelled  with  six  spines,  ffaliomma  H.  2-shelled  and  numerous  spines,  Helio- 
sphoBra  H.  (Fig.  18)  with  numerous  radial  spines  of  two  sizes  and  a  fenestrated 
shelL 

Fam.  4.  Pnmoidea  with  ellipsoidal  to  cylindrical  latticed  shells  and  central 
capsule.  Ellipsis  H.,  Druppula  H.,  Spangurus  H.,  Artiscus  H.,  Cyphinus  H., 
Panartus  H.,  Zygartus  H. 

Fam.  5.  Biteoidea,  shell  and  central  capsule  discoidal  or  lenticular. 
Cenodiseus  H.,  Phaeodiseus  H.,  Coeeodiscus  H.,  Porodiscus  H.,  Polydiscus  H., 
Spongodiscus  H. 

Fam.  6.   Larooidea. 

Order  2. .  ACAHTHAllTA.  Skeleton  of  acanthin,  in  the  form  of  spines 
radiating  from  the  central  point ;  central  capsule  uniformly  perforated 
(Peripylaria  type). 

Fam.  7.  Aotinelida,  with  a  variable  nimiber  of  usually  irregularly  arranged 
spines.     Astrolophus  H.,  LUhohphus  H.,  Chicutolus  H. 

Fam.  8.  Aeanthonida,  with  20  spines  arranged  according  to  Milller's  law. 
Aeanthometra  J.  Miiller  (Fig.  17),  Astrolonche  H.,  Quctdrilonehe  H.,  Amphi- 
lonehe  H. 

Fam.  9.  Sphnrophraeta,  with  20  equal  quadrangular  spines,  and  a  complete 
fenestrated  spherieal  shell.  Sphoerocapsa  H.,  DoroUaspis  H.,  Phractaspis  H., 
PhrcuiopeUtu,  H. 

Fam.  10.  Pninophraeta,  with  ellipsoidal,  lenticular,  or  double-coned  shell, 
and  20  spines  of  different  size  arranged  according  to  Miiller's  law.  BeUmaspis 
H.,  Hexalaspis  H.,  Diploeonua  H. 

Order  3.  XOKOPYLABIA.  Skeleton  silicious,  rarely  without  skeleton ; 
central  capsule  monaxonic  to  bilateral,  with  simple  wall  and  single  polar 
perforated  area ;  extracapsular  plasma  without  pigment. 

Fam.  11.    Vaiioidea,  without  skeleton.    Nasaela  H. 

Fam.  12.  Pleotoidea.  Skeleton  of  3  or  more  spines  radiating  from  one 
point  (placed  beneath  the  basal  pole  of  the  c.c.)  or  from  a  central  rod;  a 
complete  latticed  shell  is  never  formed.  Plagoniseua  H.,  Plagonium  H., 
PUdanium  H. 

Fam.  13.  Stephoidea.  Skeleton  of  one  to  several  fused  rings,  which  may  be 
connected  by  a  loose  network.  Lithodreus  H.,  Zygocircus  H.,  Cortina  H., 
Stephanium  H.,  Semantis  H.,  Coronidium  H.,  Tympanidium  H. 

Fam.  14.     Spyroidea.        Fam.  15.     Botryoidea. 

Fam.  16.  Cyrtoidea.  Eucyrtidium  H.  (Fig.  19),  helmet-shaped  latticed 
shell  outside  central  capsule,  EiveecryphoUus  H. 

Order  4.  TEIPTLAEIA  (PHJBODABIA).  Central  capsule  with  double  mem- 
brane, at  one  pole  with  a  spout -like  main  opening  on  a  striped  field,  and 
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frequeutl;  an  acc«««orj  opeoitig  on  tacb  aide  of.  tbe  main  aria  of  the  oppositi- 
pole  ;  sometjines  Mveral  central  capaales  in  one  individnal ;  alva<rs  vritli  extra- 
capsular pigment  mass  {Phaadium  H.),  which  covers  the  re^on  of  the  main 
opening.  Skeleton  either  pnrely  ulicioo*,  or  Knkl;  ailicated  with  much 
organic  substance,  always  eitracapsular,  rarely  absenL 

Fam.  17.  PhMoeyitink.  Partly  without  skeleton,  parti;  with  loose  skeletal 
■tracturea  ;  central  capsule  in  the  centre  of  the  spheri<»l  body.  PMicodinia  H. 
Aulaeantha  H.,  Aulatti«iiim  H. 

Fam.  18.    Fhaofplwria.     Fam.  IG.    n»ogMmia.     Fam.  2i 


Proto2aa  vitl  a  tin  j 
ami  lieariii't  etfh  r  fla  eila 
cotUinffile  rac«  le  a    f  o  e  i 


Vio    K     E    g 

Clue  n.     INFUSORIA.'' 

a      fin      J         j/io  ule         1  a     jeienal  nieinbrani.; 


a       Mouh  a  I  < 
;  nucl     al  cays  jnet 


:  usually. 


If. 


*  Ehrenb^rg,  Ih  Inf  la  oiuOae  Jiei  a  a  vollnnnmn  Organisvien,  1838. 
Balbiani,  "  Ktudes  su  la  Re[  odu  o  d  a  P  tozoa  res  J  m  rie  la  Phgi., 
Tom.  111.     BalUian       E  ushnnnsa  es  Iiifuaoirea.'" 

Joum.  de  In  Plij/i    Ton    I         C  aparedo  und  lAchn  ann   i,  tidf   sur  la  Jr\fu- 
miTttetlaUhiziicde*  2   o    G  n  re  ISC8  ISSl      E  Haeckel     la   Horphologic 
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Infusoria  were  discovered  towards  the  end  of  the  17th  century 
in  a  vessel  of  stagnant  water  by  A.  von  Leeuwenhoek,  who  made 
use  of  a  magnifying  glass  for  the  examination  of  small  organisms. 
The  name  Infusoria,  which  was  at  first  used  to  denote  all  animalculse! 
which  appear  in  infusions  and  are  only  visible  with  the  aid  of  a 
microscope,  was  first  brought  into  use  by  Ledermiiller  and  Wrisberg 
in  the  last  century.  Later  on  the  Danish  naturalist  O.  Fr.  Miiller 
made  valuable  additions  to  our  knowledge  of  Infusoria.  He  observed 
their  conjugation  and  their  reproduction  by  fission  and  gemmation, 
and  wrote  the  first  systematic  work  on  the  subject.  O.  Fr.  Miiller 
included  a  much  larger  number  of  forms  than  we  do  nowadays, 
for  he  placed  among  the  Infusoria  all  invertebrate  water  animal- 
culse without  jointed  organs  of  locomotion  and  of  microscopical 
size. 

Tlie  knowledge  of  Infusoria  received  a  new  impulse  from  the 
comprehensive  researches  of  Ehrenl)erg.  The  principal  work  of  this 
investigator,  "Die  Infusionsthierchen  als  vollkommene  Organismen," 
discovered  a  kingdom  of  organisms  hardly  thought  of.  These  were 
observed  and  portrayed  under  the  highest  microscopic  powers.  Many 
of  Elirenberg's  drawings  may  even  yet  he  taken  as  patterns,  and  are 
hardly  surpassed  by  later  representations,  but  the  significance  of  the 
facts  observed  has  been  essentially  corrected  by  more  recent  investi- 
gations. Ehrenberg  also  conceded  too  great  an  extent  to  the  grouj) 
of  Infusoria,  including  not  only  the  lowest  plants  such  as  Diatomacea\ 
Desiniiliacecey  under  the  name  of  Polygastrica  anenteral  but  also  the 
much  more  highly  organized  Rotifera.  As  he  chose  the  organization 
of  the  last-named  for  the  basis  of  his  explanations,  he  was  led  into 
numerous  errors.  Ehrenberg  ascribed  to  the  Infusoria  mouth  and 
anus,  stomach  and  intestines,  testis  and  ovary,  kidneys,  sense-organs, 
and  a  vascular  system,  without  being  able  to  give  reliable  proofs  of 
the  nature  of  these  organs.  Tliere  very  soon  ctime  a  reaction  in  the 
way  of  regarding  the  Infusorian  structure ;  for  the  discoverer  of  the 
BhizojHHla,  Dujardin,  as  well  as  von  Siebold  and  KoUiker  (the  latter 
taking  into  consideration  the  so-called  nucleus  and  nucleolus),  referred 
the  Infusorian  body  to  the  simple  cell.  In  the  subsequent  works  of 
Stein,  Claparede,  Lachmann,  and  Balbiani  numerous  differentiations 

der  Infusorien."  Jen.  ZeitschHft,  Tom.  VII.,  1873.  0.  Butschli,  Studien  uber 
die  trsten  Entvnckelungsvorgdngc  des  Eizelle^  die  ZelUkeiluiig  und  die  Conjuga- 
tion des  In/usoricny  Frankfurt,  1876.  Saville  Kent,  A  Manual  of  the  Infusoria j 
London,  1880-2.  Mau|)a8,  "Sur  la  multiplication  des  Infusoires  Ciliea."  Arch, 
d,  Zool,  Exp.  (2),  6,  and  "La  Rajeunissement  Karyogamique  chez  les  Cilies, 
ibid.  (2),  7. 


were  certainly  shown  to  exist,  which,  however,  can  all  be  referred 
to  differentiation  of  the  body  of  t!ie  celL  This  view  is  supported 
liy  the  more  recent  work  of  Butschli  and  Maui»»,  who  have 
sliown  that  in  their  reproduction  these  animals  resemble  other 
Protozoa:  that  is  to  say,  that  the  whole  body  jiarticipateB  in  the 
reproductive  fission,  that  tlie  parent  disappears  in  the  offspring,  and 


^-^ 


that  special  conjugating  cells  of  the 
nature  of  ova.  and  s]>enuatozoa  are  not 
formed.  Maupoa  csj^cinlly,  by  follow- 
ing the  history  of  the  individual  result- 
ing from  conjugation,  has  definitely 
established  the  fundamental  distinction 
between  conjugation  and  reproduction, 
and  lias  thrown  a  flood  of  tight  upon 
the  meaning  of  the  whole  phenomenon 
of  conjugation. 

The  outer  boundary  of  the  body  is 
usually  formed  by  a  cuticle— a  delicate 
f„:_   j4.— ';.>ai:.iH    jiecbntitt  (■(ifr     trans]iarent  membrjne,  the  surface  of 

rt°«.t^'.MJ.'"'*"'™"""'  ''■'"''''  '*  '^'*'  '""'  vibratUe  and 
moving  ap[>cndages  of  various  kinds. 
In  the  smallest  Infttiforia — the  Mai^i'^fiphora,  we  find  only  one  or 
two  long  whip-like  cilia ;  while  the  more  highly  ditTerentiftted 
Ciliala  are  usually  richly  provided  with  eiliiu  Finally,  in  the 
AriiKlaria  the  young  forms  have  cilia,  and  the  adults  a  number 
of  delicate  tentacle-like  processes,  which  either  end  iu  suctorial  discs 
or  are  jtointed. 
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SuBKJLASS  I.     MASTIGOPHOKA. 

Infu9oria  generally  of  small  size  pi-avided  mth  flagella. 

This  sub-class  includes  forms  which  live  in  putrefying  infusions, 
parasitic  forms,  and  forms  which  live  freely.  They  all  have  con- 
tractile vacuoles,  and  some  of  them  have  an  opening  at  the  base  of 
the  flagellum  for  the  reception  of  solid  substance  (holozoic  nutrition). 
Encystment  and  spore  fonnation  are  very  commonly  found;  and 
it  has  been  shown  by  Dallinger  and  Drysdale*  that  the  spores  are 
capable  of  resisting  a  temperature  above  boiling  point.  Dallinger 
has  also  shown,  in  the  case  of  some  of  the  infusion  forms,  that 
it  is  possible  by  very  gradually  raising  the  temperature  in  which 
the  animals  are  living  during  a  number  of  successive  generations  to 
produce  a  race  for  which  the  optimum  temperature  is  considerably 
above  the  normal  killing  temperature  for  the  species. 

Coiyugation  is  known  to  occur  very  generally,  and  in  some  cases 
the  conjugating  individuals  (or  gametes)!  are  especially  differen- 
tiated. This  is  notably  the  case  in  Volvox,  in  which  the  gametes 
are  of  two  kinds,  and  recall  the  spermatozoa  and  ova  of  the  higher 
animals.  Many  members  of  our  sub-class  are  difficult  to  distinguish 
from  the  swarm-spores  of  certain  Rhizopoda  and  of  the  Mycetozoa^ 
and  even  from  the  zoospores  of  unicellular  Algce,  It  is  necessary, 
therefore,  to  point  out  that  in  the  Mastigophora  the  flagellated 
stage  covers  the  main,  if  not  the  entire,  period  of  the  life  of  the 
organism. 

Tlie  nucleus  is  almost  invariably  single. 

Order  1. — Flagbllata-J 

Mastigophora  icith  flagellar  mthout  collar  or  cilia. 
This  order  includes  holozoic,  holophytic,  and  saprophytic  forms. 
Many  of  them  are  parasitic  and  many  live  in  infusions.  It  is  not 
infrequent  to  find  an  amoeboid  condition  of  the  body  combined  with 
the  possession  of  the  flagellum  {Matffigamwba),  or  to  find  these  two 
conditions  alternating  in  the  life -history.  Many  of  them  form 
colonies,  and  an  outer  cuticular  skeleton  in  the  form  of  a  cup  or 
investing  membrane  may  be  present ;  and  in  some  forms  a  gelatinous 
layer  is  secreted.     In  the  holozoic  forms  food  may  be  taken  up  by 

*  ''Researches  on  the  Life-history  of  the  Monads."  Monthly  Mic,  Journal^ 
10-13. 

t  An  organism  which  conjugates,  whether  specially  differentiated  or  not,  is 
called  a  gamete^  and  the  product  of  the  conjugation  is  a  zygote, 

X  G.  Klebs,  "  Flagellatenstudien."    Z,  /.  w,  Z.,  65,  1892. 
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means  of  i>seudopodia  in  an  auioelK>i(l  fiushion,  or  there  is  a  definite 
8[>ot  at  the  l>a8e  of  the  main  flagellum  where  the  food  enters :  this 
spot  is  either  marked  by  a  mouth-vacuole  (Fig.  23  Xr)  into  which  the 
food  slips,  or  by  the  presence  of  a  mouth-oixining  with  or  without 
a  i)haryngeal  continuation.  The  expulsion  of  undigested  remains 
of  food  apiKiars  to  Ik*  localised  and  often  to  take  place  by  the 
bursting  of  a  vacuole ;  but  the  position  of  the  temix)rary  anus, 
which  seems  to  be  variable  in  the  different  fonus,  has  oidy  been 
detenuined  in  a  few  cases.     Contractile  vacuoles  close  to  the  bodv- 

ft' 

surface  seem  to  l)e  always  present,  and  in  the  Ktujlenina  they  ap|)ear 
to  oi)en  into  a  receptacle  which  is  in  comnninication  with  the  hind 
end  of  the  pharynx.  Chromatophores  of  the  same  character  and 
function  as  those  of  j)lants  arc  prtisent  in  the  holophytic  forms, 
and  vary  in  colour  from  a  light  gitjen  to  a  brown  (Chlorophyll  and 
Diatomin).  They  contain  amylum  Ixxlies,  which  consist  of  a  central 
mtiss  of  a  highly  stauiable  plasma — the  pyrenoid — and  of  an  outer 
zone  of  amylum.  The  pyrenoids  may  incretuse  by  division.  Amylum 
bodies  are  also  found  in  colourless  sapro[)hytic  forms.  Paramylum, 
a  substance  more  nearly  allied  to  cellulose,  is  sometimes  ])re8ent  in 
the  protoplasm.  Chromatophores  may  l>e  present  or  al^sent  in 
closely  allied  forms,  and  even  in  the  same  form  at  different  times; 
their  presence  is  of  no  systematic  importance. 

The  nucleus  is  always  single  except  in  IWjHjmonas,  which  some- 
times has  two.  Stigmata  as  red  i)igment  spots  are  often  present 
in  the  protoplasm,  usually  at  the  bas(»  of  the  fiagellum. 

Reproduction  takes  place  by  fission,  which  is  usually,  if  not 
always,  longitudinal,  in  lx)th  the  active  and  resting  state,  and  some- 
times by  continued  fission  (spoiv  formation)  in  the  resting  state. 
In  the  first  case  the  fission  may  be  into  two,  or  by  successive  binarv' 
fissions  into  four,  eight,  sixteen,  or  even  thirty-two  l)efore  the  young 
separate.  When  the  fission  is  into  two,  the  fiagella  become  doubled 
in  numlwr  l)efore  the  lK)dy  divides.  The  manner  in  which  this 
doubling  occui-s  is  dispiited :  very  likely  a  ncnv  set  of  fiagella  and 
of  the  other  organs  of  the  Ixxly  is  formed  l)efore  the  divisicm  occurs. 
Wlien  the  first  binary  fission  is  siicceeded  by  others,  the  successive 
fissions  take  place  within  the  cuticle,  while  the  animal  continues 
to  move  by  th(i  two  original  fiagella  which  ivmain  attached  to  one 
of  the  proilucts  of  fission. 

Finally  reproduction  may  tiike  i)lace  by  continued  fission  (spoi-e 
formation),  during  the  resting  stjite  (Jhifo,  T('frantita).  This  has 
l^een  c)l)served  to  follow  conjugation. 
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Conjugation*  is  of  very  common  occurrenco.  In  certain  small 
liodoniTMi  it  takes  place  between  several  individuals  in  the  amceboid 
stiite,  so  as  to  give  rise  to  a  plasmodium,  which,  as  in  the  Mycetozoay 
encysts  and  divides  into  spores.  In  Cercomonas  the  gametes  become 
amoeboid  and  conjugate  in  pairs.  Sometimes  the  gametes,  or  one 
of  them,  differ  in  size  or  history  from  the  ordinary  forms.  In  the 
Chlamydomonndina  small  forms  {inici'ogametes  or  viicrogonidia)  often 
arise  by  lission  and  conjugate  with  similar  microgametes  or  ^^'ith  the 
ordinary  form,  or  with  forms  which  have  been  produced  from  the 
ordinary  form  by  a  smaller  amount  of  lission.  In  Polytovia  gametes 
are  produced  by  tetrapartite  fission,  and  are  all  alike. 

The  differentiation  of  the  gametes  is  carried  furthest  in  some  of 
the  Volvocina.  In  Volvox  both  gametes  are  specially  differentiated 
individuals  of  the  colony.  The  megagamete  or  macrogonidium  is 
an  ovum-like  cell  without  flagella,  while  the  microganiete  or  micro- 
gonidium  is  a  small  flagellated  organism  produced  by  fission  from  the 
ordinary  form.  In  some  species  these  two  kinds  of  gametes  are  not 
found  in  the  same  individuals,  so  that  there  are  unisexual  colonies. 
The  zygote  resulting  from  their  conjugation  secretes  a  thick  membrane, 
and  remains  in  the  resting  state  for  some  time.  On  the  death  of  the 
mother  it  falls  to  the  bottom,  and  when  conditions  are  favourable 
it  develops  into  a  new  colony. 

Conjugation  is,  so  far  as  is  known,  followed  by  encystment,  the 
zygote  remaining  for  some  time  quiescent.  While  in  this  condition 
it  is  capable  of  resisting  drought,  which  indeed  seems  to  l)e  favourable 
to  it.  When  placed  in  suitable  conditions  the  contents  of  the  cyst 
divide  into  two  or  four  parts,  which  issue  as  young  forms  to  begin 
a  new  cycle  of  life.  The  l)reaking  up  of  the  zygote  into  mimite 
spores  is  only  described  for  a  few  forms  (Dallinger,  BodOy  Teframifa). 

The  FlageU<Ua  are  allied  to  the  Gymnomyxa  by  such  forms  as  the  Monadina^ 
in  which  the  amceboid  condition  may  occur  as  an  important  phase  in  the  Ufe- 
history,  and  by  those  of  the  Oymnomyxa  in  which  the  young  leave  the  spore-case 
in  the  flagellate  form  (mastigopod).  In  other  words  the  Flagellata  and  Gymno- 
myxa agree  with  one  another  in  including  forms  which  pass  through  both  the 
myxopod  and  mastigopod  condition  in  the  life-history,  the  difference  between 
these  forms  consisting  mainly  in  the  relative  duration  of  the  two  states. 
Paramoebay  a  form  recently  described  by  Schaudinn  {Sitzb,  K,  Preuss.  Akad,  JV.y 

*  Klebs  throws  doubt  upon  the  occurrence  of  conjugation  in  any  tnie 
Flagellate.  He  admits  that  it  takes  place  in  the  Volvocina^  which  he  removes 
from  the  FlagellcUa^  and  in  certain  other  forms  Huch  as  Ciliophrys  and  Protouwiuts, 
all  of  which  he  refers  to  the  Heliozoa;  but  more  recently  Dill  {Jahrb.  irm. 
Iiot,y  28,  1895)  has  not  only  stated  that  transverse  fission  occurs,  but  also  that 
gametes  are  formed  in  ChlamydomoiicUf  which  is  a  meml>er  of  the  Flagellata. 
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1896),  seems  to  be  a  form  exactly  intermediate  between  the  two  groups.  On  the 
other  hand  the  FlagelUUa  show  distinct  affinities  to  the  lower  plants  by  such 
forms  as  the  Volvocina,  which  Klebs  replaces  amongst  the  Algce,  and  by  the 
Chryaomonadina  and  Cryptomonadina,  which  he  unites  into  a  special  group — the 
Chromomonadina — of  the  Flagellata, 

Sub-order  1.     MOHADIKA. 

Small  to  very  small  forms  of  simple  structure,  naked  and  often  more  or  less 
amceboid,  sometimes  with  tests  ;  usually  colourless,  rarely  A^dth  chromatophores ; 
with  one  anterior  large  flagellum,  to  which  may  be  added  one  or  two  small 
ilagella  ;  special  mouth-opening  sometimes  absent,  sometimes  present,  but  never 
continued  into  a  well -developed  pharynx. 

Fam.  1.  Bhisomaitigina.  Simple,  mouthless  forms  with  one  or  two  flagella, 
and  in  some  cases  the  power  of  thrusting  out  pseudopodia ;  in  other  cases  the 
amoeboid  condition  may  be  assumed  with  or  without  retraction  of  the  flagella. 
Madiganuxba  F.  E.  Sch.,  fresh-water  ;  CUiophrys  Cienk.,  fresh-water,  heliozoon- 
like ;  Dimarpha  Gruber ;  Actinomonas  Kent ;  Trypanoaoma  Gruby,  parasitic 
forms  from  blood  of  Amphibia^  Pisces  and  Chelonia,  with  undulating  membrane. 


a 


Fio.  io.—Euglena  viridit,    a  And  b,  free-swiinmiug  in  Uiflerent  stages  of  contraction  ; 

c,  d,  r,  encysted  and  in  proce»8  of  division. 

Fam.  2.  Cereomonadina.  Form  oval  to  elongated,  often  amoeboid ;  one 
large,  forwardly-directed  flagellum  with  mouth,  as  a  vacuole  for  taking  up 
food,  at  its  base.  Cercomoruis  Dujardin  (Fig.  21),  fresli- water  and  infusions, 
hind  end  continued  into  jjseudopod-like  fibre ;  Herpetomonas  Kent,  parasitic, 
gut  of  Musca;  and  Trilobus,  blood  of  lius;  Oik<nnanas  Kent  (Fig.  23),  fresh- 
water, infusions  and  marine  ;  Ancyromonas  Kent. 

Fam.  3.  CodonoBoina.  Monad  with  attached  gelatinous  or  membranous  cup. 
CcdonoRca  James  Clark,  salt  and  fresh -water ;  Platytheca  Stein. 

Fam.  4.  BikoBoina.  Monads  with  cup ;  hind  end  fastened  to  base  of  cup 
witli  contractile  stalk  ;  cup  usually  fastened  by  stalk  ;  some  colonial.  Bicosaxa 
Clark,  fVesh-water  and  marine  ;  Posteriodcndron  Stein,  fresh-water. 

Fam.  5.  Heteromonadina.  Small,  colourless  monads  with  an  anterior  large 
flagellum,  one  or  two  contiguous  smaller  accessory  flagella ;  often  colonial  and 
then  stalked.  Monas  £hrb. ;  Dendroirumas  Stein,  fresh-water ;  Cq>halotfiamnium 
Stein,  attached  to  Cyclops  ;  Anthophysa  Bory  d.  Vine,  fresh -water ;  Dinobryon 
Ehrb. ;  Uroglena  Ehrb. 

Sub-order  2.     EUOLEHOIDEA. 

Monoflagellate  forms ;  body  contractile  or  stiff ;  mouth  and  well -developed 
pharynx  at  base  of  flagellum  ;  contractile  vacuole  near  pharynx,  often  with 
reservoir. 


FLAQELLATA.  31 

Fam.  6.  CoBlomonadina,  Euglenoids  coloured  with  numerous  chlorophyll 
bodies,  or  one  to  two  larger  plate-like  chromatophores ;  usually  no  true  pharynx. 
Cctlomonas  Stein,  ectoplasm  witli  chlorophyll  grains  ;  Qonyostomum  Diesing,  like 
preceding,  with  trichocysts  in  ectoplasm ;  MicrogUna  £hrb. ;  Chromulina 
Cienk.;  Cryptoglena  Ehrb. 

Fam.  7.  Eoglenina.  Elongated  ;  hind  end  usually  pointed  ;  spirally  striped 
cuticle ;  reservoir  with  usually  several  contractile  vacuoles  and  simple  stigma 
close  behind  pharynx ;  chromatophores,  usually  green,  almost  always  present. 
Euglena  Ehrb.  (Fig.  25) ;  Colacium  Ehrb. ;  Eutreptia  Perty  ;  AscogUna  Stein  ; 
Traehelonumas  Ehrb. 

Fam.  8.  Chloropeltina.  Like  preceding,  but  with  thicker  cuticle.  Lepo- 
cinelis  Perty  ;  Fkacus  Nitzsch. 

Fam.  9.  Menoidina.  Like  Euglenina,  but  without  chlorophyll  and  stigma  ; 
saprophytic.    Astasiopsis  Biitschli ;  Menoidium  Perty ;  Bhabdomonaa  Fresenius. 

Fam.  10.    PeranemiiiA. 

Fam.  11.    Petalomonadina. 

Fam.  12.  Aitaiiina,  with  small  or  large  second  flagellunu  Astasia  Ehrb. ; 
JSeterojuma  Ih\j. ;  Spheiuymonas  Stein. 

Sub-order  3.     HETEBOMASTIGODA. 

With  two  flagella  of  different  character  and  size,  the  one  directed  forward  and 
the  other  (sometimes  two)  trailed  behind ;  with  at  least  a  mouth-spot,  which 
in  the  larger  forms  becomes  a  mouth  with  pharynx  ;  colourless,  holozoic  ;  some- 
times amoeboid. 

Fam.  13.  Bodonina.  Bodo  Ehrb.  {ffeteromila),  the  hooked  monad  and  the 
springing  monad.     Phyllomitus  Stein  ;  Colponema  Stein  ;  Dallingeria  Kent. 

Fam.  14.    AnifonemiiiA. 

Suborder  4.     ISOMASTIGODA. 

With  two,  four,  rarely  five  equal  flagella  at  the  anterior  end  ;  rarely  with 
month  opening  and  pharynx. 

Fam.  15.    Amphimonadina. 

Fam.  16.  Spongomonadina.  Biflagellate  ;  colonial,  the  individuals  living  in 
a  granular  jelly,  or  at  the  end  of  branched  gelatinous  tubes.  Spongomonas 
Stein  ;  Cladomatuis  Stein  ;  Bhipidodendran  Stein  ;  Diplomita  Kent. 

Fam.  20.  Tetramitina.  Naked  and  sometimes  amoeboid  Jsomasligoday  with 
finely  pointed  hind  end ;  anterior  end  with  four  equal  flagella,  one  of  which 
may  be  larger  and  directed  backwards ;  the  latter  may  have  the  form  of  an 
undulating  membrane ;  distinct  mouth  only  rarely  discernible ;  holozoic. 
Collodidyon  Carter  ;  Teiramitus  Perty  ;  Monocercamanas  Grassi ;  Trichomonas 
Donn6  (Figs.  21  b  and  22) ;  Trichomastix  Blochmann. 

Fam.  21.  Polymaatigina.  Somewhat  oval,  with  broader  or  pointed  hind 
end,  which  is  continued  into  two  flagella.  At  the  anterior  end  of  the  body 
are  two  or  three  flagella  on  each  side.  Holozoic,  and  perhaps  in  part  sapro- 
phytic.   Hexamitus  Dig. ;  Megasloma  Grassi. 

Fam.  22.  Trepomonadina.  The  two  anterior  flagella  arise  far  apart  from 
one  another  at  tlie  sides  of  the  body.     Trepomonas  Duj. 

Fam.  23.  Cryptomonadina,  Coloured  or  colourless ;  usually  laterally  com- 
pressed, without  true  cuticle,  with  two  long  anterior  flagella ;  anterior  end 
obliquely  truncated,  and  pitted  inwards  slightly  on  one  side ;  the  pit  may  lead 
into  a  pharynx.  Cyathanionas  Fronientel,  possibly  having  affinities  with  the 
Diiioflagellata  ;  Chilamoiuis  Ehrb. ;  Cryptomonas  Ehrb.  ;  Oxyrrhis  Duj. 


TliK  T'llloviiig  three  bmilici  of  the  ItanmMiyoda  are  wpumted  ■■  >  nb-oTder 
u»meA  fhytomutigoda  ao  acannt  of  their  pUnt-like  rntntea. 

Snh-otder  5.     rHTTOMAmeODl. 
H'llophTtic,  TctcctAble-like  IwmtuHgoda  with  cblorophjll,  vitlunit  moath. 
Fsm.  17.     CbiTMHaBadiaa.    Solitary  or  coIoduI  ;  nrelj  with  teat ;  with 
two,  rarely  one,  tiriiwn  to  greeDish-broim  chnnutophore  :  nnully  with  eye-spot 
■t  tlie  tjwe  ul  fbgelU ;    colonjea  free-iHimming,   with  upherical    groapiiig  <tt 
imljriiliulx.       SlyloArytalit   Stein  ;    ilirympyriM  Stein  ;    HrpitTotelmit   Stein ; 
Si/nttra  Ehrb.,  colonial,  vith  cDticle  often  growing 
out  into  fine  spinn  ;  Stpicrypta  £hr)i. 

Fani.  la.  CUamrdoBonrndiu.  Almott  alwa^ 
gnen  on  account  of  considerable,  osoally  single, 
chrOiDstophore ;  usually  delicate  ineinbrBnoDS  shell 
without  Urge  o|ieiiiag ;  one  to  two  conttwctile 
vacuoles  at  base  of  flagella ;  usually  one  eye-spot 
(stigma).  Beprodncc  hy  continued  dirision  within 
the  shell -mem  biBoe ;  usually  forming  macro-  and 
iiiicrogouidia ;  mostly  solitary.  Hyinmomoiuu 
Stein:  CIdorangiuin  Stein;  Chlorogonium  Ehrb.; 
Polytomii  Ehrb.,  saprophytic,  without  chromato- 
phorex,  with  smylum  liodies ;  Cklamydomonat 
Ehrb. ;  Hatiuttacotcai  Agardli. ;  Sptmdylomorum 
Ehrb.,  colonial  ;  Coreomomu  Stein;  Phacotu* 
Perty. 

Fam,  19.  Telroeiaa.  Biflsgellste  colonisl 
Phylomatti<)Bda,  intermediate  in  structure  between 
Chtamydomoniis  and  Hennntocotxua.  Reproduction 
by  continued  dirisioti  of  all,  or  or  certain,  indi- 
viduals of  the  colony  (parthnuigoaidia)  to  form 
daughter  colonies-  In  some,  [irobably  in  all,  cou- 
jugatioii  ucuurs  lietweeii  deRnite  individuals  of  the 
colony,  with  or  without  dilTerentiation  of  the 
colonies  and  gametes  into  male  and  female.  The 
result  or  coitjugation  is  a  resting  zy^te,  which 
dovclopa  later  into  one  or  into  several  new  colo- 
<ium  O.  F.  Mtlller  (Ki([.  2i),  colonies  of 
9  four  or  sixteen  individuals  united  to  a  qiudran- 
lii.UtUlunl.  K  coLisr;  »  1111-  ^\„  j,tate-like  group;  reproduction  by  simul- 
Vii  unl  vaciiult.  '   tuneuus  division  of  all  the  iiidividusli  to  form 

dsngliter  colonies  ;  Sltpliaaoajihwra  Cohu  ;  Fati- 
ilariiia  llory  lie  Vincent ;  EtuioriTia  Ehrb.;  Valvar  L.,  spliericsl  colonies  with 
niitiiiToiis  individual.^,  which  iirc  placed  at  equal  distances  ivithiti  the  common 
tliii'k  <'iil<i[iial  inciubranc,  snil  liu  in  ^j-ccial  membranes  wliicli  stand  off  from 
[lie  i^clls  and  are  L-onipiisseil  againnt  one  another  into  the  foiTn  of  hexagons. 


Ilulwhil). 


-Iludotipi  bntr^lil  (afWr 


M  noli 'Jill  <h 

F(f«'  ••/  the  fimjle  jtifjc/lin 

Soliliiry  mid   tuluiiinl    I 


OhUt   2.      ClIOASOFLA 
iri//i    a   rollar-lih'  I'nx-p. 


i  ELL  AT  A. 

•fx  <'/  iimlttjilodiii  round  the 
iidetl    ill    tliis  group.      The 
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iddiviJuala  may  be  naked,  or  may  eecrete  a  cun,  or  may  be  embedded 
ill  jelly  {Proterosp&nyia).  Their  nutrition  b  holozoic  The  food- 
particles,  brought  by  the  curreuta  set  up  by  the  flagellum,  adhere 
to  the  outer  side  of  the  collar,  down  which  they  move  antil  they 
are  Hwnllowed  by  a  kind  of  vacuole-like  elevation  of  the  body  proto- 
plasm at  the  base  of  the  collar  {oral  vacvole).  £|joction  of  feecal 
matter  takes  place  In  the  collar  area,  though  there  is  no  distinct 
anal  sjxit.     The  collar  is  protoplasmic  and  retractile. 

Fam.  1.  Phalaaiterlna.  CoIoduI,  each  mdiridiul  in  a  grsnQlu-  gelatinous 
tnbe.  Colooies  either  s  lamellar  eipaDsion  or  a  dichotomouBly  branching  stock ; 
collar*  narrow,  conical,  and  of  constant  shapa.     Pkalanaleriiim  Cieuk. 

Fam.  2.  CraipodamoiiadillB.  Solitary  or  colonial,  coIIbtb  considerable,  conical 
and  of  changeable  form.  Individuala  naked  or  with  incomplete  cup,  or  in 
gelatinooa  mass.  Moruaiga  Kent ;  Codotiga  J.  Clark  (Fig.  26) ;  Codmocladium 
Stein  ;  Hirmidium  Perty  ;  ProUro^Mnigia  Kent,  colonial,  the  individuslB  are 
embedded  in  jelly  and  readily  asnimo  the  amceboid  condition  ;  Salpin^tEca 
J.  Clark,  and  Potyaea  Kent,  with  thin-walled  cnpe. 

Order  3.     Dinoplagkllata.* 

mtaieral,  anymmetrical  Mantiijophora  tcith  a  ventral  groove  and 
fico  jUtf/ella.  A  membrane  eoneieiing  of  re/luloge  is  generaUy 
firetent. 

The  Dituyfiagellaia  are  most  nearly  allied  to  the  Crypiomonadina. 
like  these  they  poasesa  two  flagella,  which 
arise  from  a  groove.  The  Hagella  are  always 
diatingiiiahable  from  one  another :  the  one 
an  the  longitudinal  flagellum  directed  forwards  /^ 
(A'Unirla)  or  backwards  (Dini/era),  and  the 
other  as  the  transverse  flagellum  because  it  has 
a  transverse  circular  course  round  the  base  of 
the  first  {Fig.  27).  The  transverse  flagellum 
moves  by  very  short  waves,  and  was  until  lately 
taken  to  be  a  transverse  ring  of  fine  cilia  (hence 
Cilioflai/ellafa).  A  membrane  or  shell  consisting  traitie*,  j  lonjitudinsi 
of  cellulose  and  often  prolonged  into  processes  b^u™';  h  noe'eon; 
(Fig.  28),  is  nearly  always  present.  They  closely  os  »tiiin»  (ejw-»pot); 
resemble  the  Flagellala  in  their  internal  struc- 
ture. Elxcept  in  one  genus  {Polykrikos),  there  is  never  more  than 
a  single  nucleus.     Chromatophores  of  a  green  to  brown  colour  are 

■  E.S.B«rrii, '■DerOrganiamuaderCilioflagelUten."  itt>rph.Jahrb.,7,USl. 
Fr.  Schutt,  "Die  Peridineen  d.  Plankton -Ejipedition," Th.  1.  Ergeb.  Plankton. 
Eiip.,t,  189B. 
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generally  pix'sont,  and  cimtain  chlori>pliyll  and  diatomin*;  but  thei* 
are  colourlou  fonns.  Amyluiii,  fut,  rnl  pigment,  and  Btigmatia  may 
eleo  be  present.  Tliere  itt  ahvays  a  longitudinal  groove  upon  what  we 
call  tlie  ventral  surface,  and  in  the  Jh'ni/era  there  is  n  second  groove 
— the  tranavcree  jproove — eufircliiiy  the  body;  the  latter  generally 
has  a  slightly  spiral  course  (ho  that  the  two  vcntnl  ends  of  it  are 
not  quite  at  the  sanic  level,  Figs.  27,  28}  and  in  one  genus  makes 
two  complete  turns.  The  twci  fliigella  iiriae,  as  a  rule,  close  together, 
whore  tlie  two  grooves  cross  one  another.  The  transverse  flagellum 
lies  wrapiied  round  the  Innly  in  the  lircidar  groove.  The  flagellt 
project  through  a  hole  in  the  cuticle, 
which  in  Home  genera  at  least  ex- 
tends as  a  slit  along  the  left  ride  of 
tlie  ventral  groove,  being  enlarged 
[Kisteriorly  where  tlie  longitudinal 
tlHg(.-lluni  ]iK>ject8.  Reproduction 
tnke.s  place  by  transverse  fisrion. 
Ciinjugation  has  1)een  observed  in 
a  few  fiirms,  and  in  a  few  cases 
individuals  have  been  observed  to 
unite  in  ehains  (?  a  form  of  coiyD- 
gution).  In  Pofj/kritioa,  wliich  lw« 
four  nuclei,  there  are  eight  tran»- 
^'e^:ll■  furrows,  each  with  a  flagellum. 
The  pnwMice  of  a  mouth  is  doubtful. 
Fresh-water  and  marine. 

Sub-ardpr  1.     ASIHISi. 

Longuh  bilaterally- syniniftriinl  rnmix  with  inclimition  to  uymmctry;  tiR 
twoflaj^llsarixe  st  the  anterior  i>o1e,  and  the  transverse  rurroiv  is  not  d0Tdo[«l ; 
with  bivnlvcd  porous  mcmbisiie ;  tivo  vacuoles  near  one  oDother  at  the  anterior 
end  ;  vlironiato|>borca. 

Fani.  1.  PioroeBntrina,  iviih  chsrttvtir^  of  sub-order.  Exuviaetla  Cienk.; 
rroroetnlTum  Ebrb. 


Sub-order  2. 
With  a  more  or  less  distinct  trunsven 
tiidinal  flagelhini  directed  ttackwards. 
Fam.  2.     Faridinida,  witli  the  tranii 


DUTIFEBA. 

I  furruw  containing  a  flagellum.     Longi- 

ir  near  the  centre  of  tb' 


l>ody.     Podolam]Ma  Stein;   Fcridatiuw   Khrb.;   Ooniodoma   ! 

Sclirank  (Fig.  28) :  FyngAiKits  Stein  ;  Q1e«odinium  Ehrb.  (Fig.  27) ;  OfO^ 

dinium  Stein,  without  cuticle  ;   Ci-ratoeiryt  Sleiu. 

*  By  some  nuturaliiibi  there  i^i  supposed  to  lie  affinity  between  the  Di*^ 
JIagellalti  and  the  eilicioue  Algip,  the  Dinlaiiuura. 
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Fam.  3.  Dinophjtida.  Phalcicroma  Stein ;  Dinophysia  B^rb. ;  Amphisolenia 
Stein  ;  OmUhoeercus  Stein  ;  ffUtianeis  Stein. 

Fani.  4.  Poljdinida,  with  several  transverse  grooves  and  flagella ;  naked. 
Polykrikos  BtttschlL 

Order  4.     Siliooflagbllata.* 

Marine  mastigophora  irith  one  flageUum  and  a  latticed  sUicious  cap 
on  one  su.h  of  the  InxJy, 

Tlie  forms  included  in  tliis  order  were  formerly  regarded  by  some 
naturalists  as  Radiolaria,  on  account  of  their  silicious  latticed- 
skeleton,  and  by  others  as  parts  of  the  skeleton  of  Badiolana  (largo 
8i>ecies  of  Phceodaria).  Their  soft  parts  were  imperfectly  known, 
owing  to  the  fact  that  they  are  small,  exceedingly  sensitive  to  adverse 
influences,  and  consequently  very  difficult  to  get  under  observation 
in  the  living  state.  The  body  lies  within  the  skeleton,  and  contains 
some  small  brownish-yellow  spherical  bodies.  Tliere  is  a  nucleus  in 
the  centre  of  the  protoplasm,  bounded  by  a  membrane,  and  con- 
taining a  nucleolus;  it  has  been  called  the  central  fjody.  There  is 
one  long  vibratile  flageUum.  The  body  is  without  a  boimding 
membrane,  and  there  are  no  pseudopodia.  The  reproductive  processes 
are  unknown.  The  skeleton  consists  of  hollow  silicious  rods,  antl 
has  the  fonn  of  two  circles  united  by  rods;  it  invests  the  body  in 
a  cap-like  manner. 

Fam.  Dietjoehidtt,  with  the  characters  of  the  order.  Mesocena  Ehrb. ; 
Didyocha  Ehrb. ;  DisUphanus  H. ;  Cannopilua  H. 

m 

Order  5.     Cystoflagellata  (Rhynchoflagellata). 

Mastigophora  of  large  size  with  a  single  nticleus,  reticular  proto- 
plasm, and  a  stout  membrane. 

Noctiluca  is  a  nearly  spherical  form  of  large  size  (1  nmi.  in 
diameter),  and  has  on  its  ventral  side  a  groove,  called  the  peristome, 
at  the  base  of  which  is  the  elongated  slit-like  mouth.  From  the 
anterior  end  of  the  peristome  projects  a  large  transversely  striated 
flagellum,  sometimes  called  the  tentacle,  and  a  little  further  back 
on  the  right  side  are  two  oigans,  the  tooth  and  the  lip.  The 
flagellum  is  a  contractile  organ  and  varies  in  form :  it  moves  slowly 
from  side  to  side.  The  tooth  is  a  protoplasmic  projection,  and 
is  probably  actively  movable.  From  the  lip  there  projects  forward 
a  smaller  and  vibratile  flagellum.  The  greater  part  of  the  protoplasm 
with  the  nucleus  is  aggregated  on  the  ventral  side  at  the  base  of 

♦  A.  Borgcrt     «  Ueber  die  Dictyochiden,"  etc.    Z,  f.  ic.  Z.,  61,  1891,  p.  629. 
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the  i>eristominl  groove,  tuid  from  it  there  radiiite  in  all  directions 
to  the  peripliei^-  hmncliiug  strands  of  protoplnsm.  At  tlie  periphery 
there  is  a  thin  layer  of  reticiilftted  phosphorescent  protoplasm 
inunetliately  iiuderiyiiig  the  stout  cuticle  ivhich  bounds  tlie  I)ody. 
The  nutrition  is  holozoic,  and  foo<l  vacuoles  are  formed.  Lc/iloduruit 
lias  the  fonu  of  a  flattened  disc,  concave  on  one  side  and  convex  or 
the  other.  On  the  conve.t  side  ia  the  moutli  somewhat  eccentrically 
placed,  and  from  the  same  side  there  ia  a  tuhnlar  depression  from 
whicli  projects  a  flagellum.  The  protoplasm  is  much  vacuolated  as 
in  Noeliluea,  and  the  principal  part  of  it  is  aggregated  at  the  centre 
of  the  concave  or  aboral  side  of  the  disc. 


Noetihira  occasionally  draws  in  its  flagella  and  loses  its  peristome 
and  enters  the  resting  state,  but  has  not  been  ol>ser\'ed  to  encyst. 
It  reprotluces  in  two  ways :  by  binarj-  fi.tsion  and  by  the  formation 
of  small  Bwarmcrs.  If  hy  fis.sion,  the  division  of  the  nucleus  and 
central  plasma  is  soon  followed  hy  that  of  the  whole  body.  Before 
the  hitter  is  completed  the  development  of  the  peristome  and  its 
organs  in  the  new  intlividuals  liegins.  Individuals  with  two  central 
masses  and  tivo  nuclei  are  occasionally  found.  The  formation  of 
spores  takes  place  during  the  resting  state.  The  centnd  plasma 
projects  slightly  on  the  surface,  and  divide!'  by  a  su]ierticial  con- 
striction into  two  jirominencfs.  The  nucleus  karyokinetically 
partici]>at4's  jn  this  and  future  divisions.     These  two  again  divide 
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into  four,  nnd  so  on,  until  a  large  numbeT  of  small  prominences 
are  formed ;  these  eventually  Iiecome  free,  and  constitute  the  eporee. 
The  latter  are  providod  with  a  flagellum,  a  pointed  process— the 
Bo-called  spine — and  a  nucleus.  Their  later  hietoiy  has  not  been 
followed,  and  it  is  not  known  whether  they  conjugate.  The  process 
of  divbion  by  which  these  spores  arise  is  incomplete,  and  resembles 
the  cleavage  of  a  meroblastic  egg.  'Wliile  it  is  taking  place  a  part 
of  the  proto]ilasni  of  the  rest  of  the  body  seems  to  pass  into  the 
dividing  disc,  but  the  superficial  layer  beneath  the  cuticle  always 
remains.  Tlie  fat«  of  the  maternal  body  after  the  separation  of 
the  spores  is  not  known. 

Conjugation  takes  place  between  two  individuals,  and  results  in 
complete  fusion  -  but  tlie  fate  of  tlie  zygote 
bos  not  l>een  troced, 

A'ocliltiea  owes  its  name  to  its  phospho- 
rescent power.  The  light  is  emitted  from 
mmieroiis  pointe  in  the  surface  protoplasm, 
and  principally  when  the  animal  is  disturl>ed. 
It  sometimes  appears  in  enormous  numbers 
on  the  sea  surface.  It  is  cosmojiolitan,  and 
is  principally  confined  to  the  coasts,  but  it  I 
has  been  taken  in  the  open  oeean. 

There  are  two  genera — both  iroriue.  ffeetilMai 
Suriray,  with  very  alight  power  of  change  of  fonn  ; 
coemopolitan.  LtjilodiKiu  R.  Hertwig,  body  con- 
tnctile  and  movements  energetic  ;  Mediterranean. 

Subk;la88  II.     CIL1ATA.» 

Infusoria  prwuled  inth  filia  ;  iiiou/h  awl 
tanu,  nwleug  ami  itaratcueleut  are  generally 
prefent. 

This  group  contains  tlie  most  highly  f,„  aa.-Hi^«,^ia  niwu 
oHEonised  of  the  I'rotozoa.     The  locomotive     (»'"r  suin).  ma  from  vm- 

,  .,.1.1  ■,■„■,■  tnliJcle.     Ilcudanl  ignr  of 

appendages  are  cuio,  which  are  modified  in  eiui- Ccontnctii* vuddi*; 
diverse  ways,  as  will  Ije  explained  Itelow;  Jf inM:i*ii»;.v'E«r»iia(:i*o»; 
and  immovable  hairs  and  stilf  bristles,  which 

may  even  have  the  form  of  ])ent  hooks  and  lie  employed  in  loco- 
motion and  attachment,  are  often  present.     Tlie  iwwer  of  forming 

•  0.  Butschli, /oc.  cit  V .  ^vMv  ¥.ini\,  A  Manual  of  Ote  Infusoria.  London, 
1880-62.  E.  Usupu,  "Suv  la  multiplication  des  lufusoirea  Ciliia."  Arch. 
Zool  txp.  tt  gin.  (2),  Vol.  VI.;  and  "La  Eajeiiniasement  Karyogwmquo  dies 
les  Cilife.     Ibid.,  Vol.Vir. 
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(ujeudopodia  is  almost  ulwayit  absent,  and  the  body  is  gencnllj 
Ix>undcd  by  a  thin  jiclliclc  or  cuticle.  Certain  fixed  Cilia/a,  a« 
Stmifor  (Fig.  31)  and  Volhtirnui,  secrete  extemnl  coverings  or  shells 
into  which  they  can  Im?  retracted.  Nourishment  is  in  a  few  cases 
taken  in  by  endosmoRix  througli  the  whole  snrface  of  the  body; 
but  OH  a  general  rule  there  is  an  oral  ai>erture  usually  near  the 
anterior  pole  of  the  lK)dy,  through  which  solid  food  is  introduced. 
A  second  n))erturt;,  whicli  acts  as  unu.4,  and  which  cnu  lie  aeen  as 
a  slit  during  the  exit  of  the  excreta,  is  often 
present  at  a  deKnite  part  of  the  l>ody. 

The  pellicle  seems  to  be  jjart  of  the  living 
tiiBuc,  and  frequently  has  an  alveolated  struc- 
ture, iu  which  case  it  forms  the  alveolar 
layer.  Beneath  it  there  is  generally  a  layer 
of  cortical  plasma — the  ectoplasm — which  has 
a  firmer  consisti-nce  than  the  more  fluid  endor 
[ihiHm.  The  pharynx,  or  CBaophagng,  projects 
into  the  cndoplasm  as  a  tubular  prolongation  of 
the  ectoplasm  and  pellicle.  Through  this  the 
foiKl-stuff  piinttes  into  the  endoplasm,  iu  which 
it  j^^ivus  rise  to  food-lialb.  The  latter  undergo 
a  slow  roUiting  movement  round  the  body  in 
the  eniluplasm,  during  which  the  food  ia 
digcxted  ;  and  finally  the  solid  useless  remain- 
der is  ejected  through  the  anal  ajKrturo.  A 
digestii't-  funal,  liouiided  by  distinct  walla,  exists 
I  no  mow  than  do  the  numerous  stomnclis  which 
■}  EhrenlnTg,  who  was  deceived  by  the  food  vacu- 
^  oles,  ascrilwl  to  his  Iiifu»}ria  polyijagtriea.     In 


oc*l  mprrtnn,  • 


TBBuoii'i  >' nueieuH.  some  cases  there  is  a  tube  leading  in  from  the 
anus  tinvants  the  CDaophagus  (Xi/t-fotlierw),  but 
it  ends  in  the  digestive  ondii|ilasm,  and  does  not  join  the  <esophagus. 
In  some  aiaes  (the  Knrhftina  nnd  Chlamijiloihmta,  Fig.  32),  the 
a'SdphagUH  is  surrounded  by  u  layer  of  stiff  rods  fonning  the  so* 
cnllfil  rod-appantns  of  the  cesophagus. 

The  finuer,  more  viscid  ectoplasm  is  to  lie  regnnled  pre-eminently 
as  the  motor  and  sensory  layer  of  the  body.  In  it  we  niuv  find 
fibrill.T  resembling  nniaeular  fibres  (!<lenloi;  stalk  of  Votiicellei).  These 
librilla'  arc  differentiations  of  the  alveolar  layer  ami  are  sometimes 
viirieo.-<i'.  When  they  shift  into  the  cortical  layer  (ectoplasm),  they 
funn  the  so-called  ii-ijophaue  layer,     ^mnll  rod-sliai^eil  boiiies the 


ttichoeysts — are  wiuetimes  present  in  the  cortical  plasma.  It 
appears  that  on  suitable  stimulation  they  have  the  power  of  everting 
needle-ahapeil  atructures  which  probahly  have  a  stunning  action 
upon  other  organisms.  In  one  form,  EpUfyliii  umMlaria,  definite 
nematocygtt,  like  those  of  tlie  Cwleniera/a,  are  present  in  the 
ectophism. 

The  contractus  Tacnolsi  are  fixed  in  position  and  contained  in  the 
ectoplasm,  generally  near  the  surface  of  the  body.  When  more  than 
one  is  present  they  increase  in  number  with  the  size  of  the  individual. 
Tliey  open  outward  through  [>ores  in  the  pellicle,  or  in  some  eases 
{Vorticellines)  into  a  reservoir,  or  there  may  be  a  long  excretory 
canal  as  in  LemlKuHon.  The  contractile  vacuoles  are  re-formed  by 
the  fusion  of  formative  vacuoles  which  appear  in  the  neighbouring 
plasma  during  the  diastole  of  the  preceding  vacuole,  or  there  may 
be  canals  leading  even  from  distont  parta  of  the 
body,  which  collect  the  fluid  for  the  formation 
of  the  new  vacuole  {Paranuvcii/tn).  The  walls 
of  these  canals  are,  in  some  coses  at  any  rate, 
contractile.  These  vacuoles  and  canal-systems 
are  probably  excretory  in  function,  collecting 
waste  matters  in  solution  from  the  body  geuer- 
ally  and  discharging  it  externally.  They  have 
lieeu  compart,  probably  with  some  justice,  to 
the  excretory  oi^ans  of  Plalyliehiiinthea  and 
Itaiifeya. 

The  vibratile  appendages  of  the  body  are  of 
four  kinds,  and  they  all  seem  to  be  processes 
of  the  cuticle  or  alveolar  layer. 

(1)  The  fine  cilia  which  ser^'e  for  swimming. 

(2)  The    Oiiri:    stouter    vibratile    processes 

which  taper  towards  their  free  ends.  They  are  placed  on  the  vential 
surface  of  the  body,  and  serve  for  locomotion  in  a  pediform  manner 
(hence  called  leys  or  styh»),  or  for  attachment. 

(3)  MembnneUa:  short  flattened  cilia  which,  when  ending  in  a 
point,  are  not  clearly  distinguishable  from  cirri ;  they  form  the 
adoral  tone  of  the  peristome  of  the  Sjiirotrkha,  in  which  they  create 
the  whirlpools  by  which  the  food  is  brought  to  the  mouth. 

(4)  Undulating  mratbianes  placed  in  the  neighbourhood  of  the 
mouth,  and  assisting  in  the  prehension  of  food. 

The  fibre  whicli  can  often  be  made  out  running  from  the  l>ase  of 
the  cilium,  apjHirently  to  the  myophane  layer,  is  continuous  with  the 
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cuticle  OS  well  as  witli  the  ciliuin.     In  u  few  forms  (Acfinoboivr) 
retractile  tentacular  processes  are  present. 

In  the  ttimplest  fomis  the  mouth  is  at  tlie  anterior  end  of  the  hody, 
the  ciliary  covering  is  unifomi,  anil  the  cilia  are  nearly  all  tlie  same 
siie  (Eiifhelina).  An  advance  u{>on  this  is  presented  by  those  forms 
in  which  the  mouth  is  on  the  ventral  surface,  and  in  which  there  is 
a  triangular  area— the  ^leriVwwc— leading  lioek  from  the  front  end  of 
the  body  to  the  mouth  {Paraimirintu).  Tliere  may  be  a  special  row 
of  atrong  cilia,  cirri,  or  memhmnellie — the  aihral  ro>r,  or  lone — 
running  along  the  left  side  of  the  peristome  (Hifjiotrieha,  Fig.  30). 
The  peristome,  when  ventral,  is  very  commonly  asymmetricaL  In 
some  cases  the  adoral  row  lias  the  form  of  a  spiral  round  the  mouth 
region,  and  the  jieristomc  may  lie  placed  at  the  front 
end  of  the  l)ody  (Mentor,  Vorfirella).  In  the  Hgpo- 
tiirha  the  following  regions  may  be  distinguished  on 
the  ventml  surface  of  the  body :  a  pre-oral  and  a 
jMtst-oral  region.  The  pre-nial  n-gion  consists  of  the 
jieristome  on  the  left  side,  and  the  fi-onlai  area  on 
the  right  (Fig.  41.) 

The  majority  of  the  CiHata  are  multinuclear,  and 
the  nuclei  are  almost,  if  not  quite,  always  diffe^ 
entinte<1  into  two  kinds.     One  of  these — the  macro- 
.  r,       iiurleug^y,  larger  than  the  other,  the  imrronndeut. 

J    ^  i        Tlie  macronuclens,  which  lies  in  the  endoplasm,  is 

|4(2  ^ ^         generally  single,  ami  presents  considerable  variation 
^-Wi-^  >if    form ;     it    may    l>e    spheroidal,     band-shaped, 

,^1^^^'^^  moiiilifonii,  or  even  braneheil.  In  some  cases  the 
w.  Kncciounii).  macronucleiis  is  representeil  by  a  great  number  of 
small  nuclei.  It  is  prolwble  that  these  small  nuclei 
are  ail  |»arts  of  one  nucleus,  and  connected  with  one  another  by 
fine  fibres ;  so  (hat  the  condition  is  n'ally  that  of  a  much-branched 
nucleus.  Fragmentiition  of  the  mncronucleus  into  line  pieces  hot) 
lieen  ol)^^e^^-ed,  and  is  prolwhly  a  stage  in  its  final  disappearanoe : 
but  the  re:il  siguiticancf  of  the  phenomenon  is  unknown.  The 
microuucleus  is  often  multiple ;  it  varies  in  jiosition,  form,  ami 
number,  in  ilifiVrent  sj>ecie3.  It  is  always  smaller  than  the  macro- 
nucleus,  and  usually  lies  close  to  the  latter.  It  ap[ieais  only  to  be 
absent  in  certaui  Oj>a/iHip  and  in  some  of  the  so-called  multinuclear 
Cilia/a  just  referreil  to.  In  the  nonnal  rephnluction  of  the  animal 
it  apjtears  that,  wliQe  the  niicronueleus  divides  by  karyokiuesis,  the 
macronuelcus  divides  directly. 
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The  most  usual  method  of  reprodootiim  is  by  fisaion.  When  the 
farms  reproduced  remain  connected  together,  a  colony  itt  formed,  e.ij., 
the  colonies  of  Epttiyli*  and  Carrlieidum.  Fission  usually  takes  place 
by  a  tranaveree  division  (at  ri^'lit  angles  to  the  long  axis),  and  the 
products  may  Iw  equal  or  unequal.  In  cases  of  inequality  we  have 
transitions  to  buddmg,  which  is  really  only  a  modified  fission.  Less 
frequently  (loiiirella)  the  fission  takes  place  through  the  long  axis 
(Fig.  36),  and  sttU  more  rarely  in  a  diagonal 
directiuD.  The  onset  of  fiBsion  does  not 
ft])pear  to  depend  upon  the  size  of  the  indi- 
vidual, for  it  may  take 
place  in  large  or  in  small 
s])ecinieDs.  The  nuclei 
always  participate  in  the 
,  division,  but  do  not 
always  lead  the  way; 
for  in  many  cases  un- 
doubted new  formations 
appear  in  the  protoi)lasm  ^ 
(rudiments  of  new  cili- 
ary structures,  of  a 
mouth  and  contractde 
vacuole),  Ijcfore  any 
changes  are  oheer\'ed  in 
the  macro-  and  micro- 
nuclei.  Aa  to  the  other  ^'°-  M.  — ^*™"«|*" 
oi^na  they  do  not  par-  ,n«r  r.  H«twig.  s 
ticipiite  in  the  division  "i«ronucieiu;»micrq- 
,.  (unless  they  extend  the  tbc  untcciac  portton; 
-  whole  length  of  the  Ji;  h',',, j^""  "o^ "' 
body),  but  one  of  the 
fission  products  develops  them  afresh,  generally  before  the  fission 
is  completeiL  In  the  Hy^rieba  the  ciliary  structures  of  both  the 
products  of  fission  appear  to  Iw  new  formations. 

In  Opalina  the  nucleus  divides  many  times,  so  that  a  multinucleate 
condition  is  produced  (Fig.  33).  The  gradual  division  of  the  whole 
animal  by  a  series  of  binary  fissions  into  a  number  of  small  pieces 
which  encyst,  takes  place  subsequently.  From  the  cyst  a  small 
uninucleate  form  eventually  emerges. 

Reproduction  is  often  preceded  by  enryniment,  which  api>eara  to  be 
of  great  importance  for  the  preservation  of  the  iHxIy  from  desiccation. 


Fio.  84.— Sl^nyiakfa  nvtilw 
diTialoB,  frmn  Bteln.  C  «• 
tncUla    nciwlc;    S    mu 
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Tli«  animal  retractn  its  cilia,  contracts  its  body  to  a  globular  masts 
and  tlujn  HccrcUis  a  trannparont  cyst  which  hardens  and  protects  it 
and  onablcH  it  to  survive  in  damp  air.  In  water  the  contents  of 
the  cyst  divide  into  a  numl>er  of  parts,  which  attain  freedom  by  the 
liurHting  of  the  cyst,  each  one  Ix^coming  a  young  animal. 

The  rapidity  of  fission  det)enils  upon  the  temperature  and  upon 
the  food,  and  seems  to  Ik*  fairly  constiint  for  each  species.  Thus  an 
individual  of  StyUmyrhia  imHtulata^  if  well  supplied  with  food,  will 
divide  onwj  in  twenty-four  hours  in  a  temj^erature  of  5°  to  10*  C, 

and    once    in    twelve 
^  ^T"m^  hours  if  the  tempera- 

^  ^'■■■■^  .^^»-»t  Ij^re   l)e   from    10'   to 

15"  C.  Although  the 
mpidity  of  fission  is 
less  in  senile  individ- 
uals, there  does  not 
'  appear  to  be  any  sj^ecial 
increase  in  it  after  con- 
jugation. 

The  Conjugation  of 
the  Ciliafa  is  generally 
of  a  temporary  nature. 
Two  individuals  (rarely 
more)  apply  themselves 
together  and  acquire 
protoplasmic  continu- 
ity.   After  a  few  hours 

Fio.  80.— Korftof/to  wicrottoma,  after  Stein,    a,  in  process  of     .  j   i      i 

flMiun  ;  N  nucleus,  the  muoth  apparatus  in  each  portion  is    tJieV  sejwratc  and  lead 


funne<l 
i«  Httt  f^ee 
w  adoral 


aftesh ;  5,  llaslon  is  oomplettHl,  one  product  of  it  their  Oltliliarv  life      In 

M  after  the  formation  of  a  posterior  circlet  of  cilia ; 

[  Jtone  of  cilia ;  or  oesophagus ;  c,  Vorticella  in  process  the     A  orticcllines     the 

of  bu<Mike  coiOugation  ;  k  ^he  butl-llke  individuals  (micro-  conjugation  is  complete 
gametes)  attached.  ^    ^  * 

and  i>ermanent.  As  a 
general  ride  coiyugation  takes  place  l>etween  two  ordinary  individuals 
of  the  species,  but  in  some  cases  the  conjugating  individuals,  t.^., 
the  gametes,  are  specially  pnxluceti  by  division  from  the  ordinarv 
individuids.  Thus  Letwophryti  patula  divides  rapidly  several  times, 
and  provinces  dAvarfed  fonus  uniformly  ciliated  and  iucaj>able  of 
taking  nourishment.  These  small  fonns  are  the  gametes.  In  the 
VortireUimv  the  gametes  differ;  one  of  the  conjugating  individuals 
is  the  oniinar}'  fixed  form,  and  is  called  the  me*fa*jaittete,  while  the 
other   is  a  small    free-swimming   form,   produced   by  two   or  three 
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successive  fissions  (or  in  some  species  by  budding)  of  a  fixed  forni 
into  four  or  eight.  These  are  the  microgaiaetes ;  they  become 
fiee-swimming  and  conjugate  with  a  fixed  form  (Fig.  36).  In 
Zoothamnium  the  megagamete  is  also  modified,  l)eing  larger  than 
the  ordinary  individual. 

The  results  of  coiyugation  may  be  considered  under  two  heads — 
the  physiological  and  the  morphological.  The  physiological  resulis 
of,  and  the  conditions  favourable  to  conjugation,  have  been  mainly 
elucidated  by  Maupas.  He  found  that  it  actually  effected,  as  had 
long  been  suspected,  a  rejuvenescence  of  the  conjugating  individuals ; 
that  without  it  senile  degeneration,  followed  by  death,  ensued,  and 
that  to  be  effective  it  must  take  place  at  a  particular  stage  in  the  life- 
history.  His  course  of  procedure  was  as  follows:  he  isolated  an 
exconjugaie,  i.e.,  an  individual  which  had  just  been  released  from 
conjugation,  and  he  kept  it  and  the  products  of  its  bipartition  under 
continuous  observation. 

He  found  that  after  a  certain  number  of  bipartitions  the  vigour 
and  size  of  the  descendants  or  products  of  his  initial  exconjugate 
diminished,  and  that  their  nuclear  and  ciliary  api)aratus  l>ecame 
imperfect;  and  that  these  changes,  to  which  he  applies  the  term 
senile,  eventually  led  to  the  death  of  the  whole  stock.  He  further 
found  that  it  was  not  possible  to  induce  conjugation  during  the 
period  of  the  earlier  bipartitions;  this  is  the  period  of  immaturity; 
but  that  after  a  certain  number  of  bipartitions  ^>ttto'/y  is  attained 
and  conjugation  can  be  induced;  this  is  the  period  of  eugamy. 
This  stage  merges  into  the  last,  the  period  of  senescence,  during 
which  the  individuals  become  gradually  reduced  in  size,  the  ciliary 
apparatus  more  and  more  imperfect,  the  micronuclei  absorl)ed,  and 
conjugation  ineffective.  Tlie  period  of  senescence  ends  in  death. 
In  Stylonychia  pughUaia  puberty  occurred  at  the  130th  bipartition, 
and  senile  degeneration  began  at  alx)ut  the  170th,  and  death  took 
place  at  about  the  316th.  Conjugation  in  the  period  of  eugamy  con* 
f erred  the  power  of  again  beginning  the  cycle;  but  the  conjugation  of 
the  period  of  senescence  had  no  result  in  retarding  the  degenerative 
changes  or  in  averting  death.  Maupas  further  asserts  that  fertile 
conjugation  between  descendants  of  the  same  exconjugate  cannot 
be  effected  in  the. period  of  eugamy;  but  this  statement  requires 
confirmation.  These  facts  explain  why  it  is  that  when  conjugating 
individuals  are  met  with  they  generally  occur  in  large  numbers 
(epidemics  of  conjugation),  for  the  inclination  to  conjugation  comes 
only  at  a  particular  stage  in  the  life  of  the  stock ;  and  the  divisions 


being  r<ii>id,  tliere  will  nlwnys  be  a  considerable  number  of 
deecendanta  of  tlio  mme  exconjugnte  in  juxta)>osition. 

^laupoR  also  found  that  exhaustion  of  tlie  food  supply,  which 
UBUidly  lietermiiies  encystment,  causes  conjugittlon  among  individuals 
of  mixed  origin  and  of  suitable  age. 

Tlie  Mioqiliologieal  changes,  our  knowledge  of  which  we  owe 
mainly  to  fialhiani,  Biitschli,  and  iwrtitnliirly  ^laupas,  appear  to 
consist  of  the  brenking-up  and  diBapi>earancc  of  the  maeronucleus, 
the  iMirticlcs  of   which — in  some  casej',  at  any  rate — are  excreted 


ng  in  the  bniiattgn  of  tour  Diicronuclrl  In  och  uiiiul ; 

i  wm  itrDiihy,  wtilla  I  aiul  It  will  peralst  ud  dlTUt ;  c, 
Uia  nil«mDiiel«t  1,  3,  4. 0,  T,  B  ue  illHppnrJiijt,  wbllr  1  tud  i  tn  dlrldiog  Into  tun,  oom  cI 
which,  Jm  and  ^m,  migrate  reapfictlTcly  throush  Uie  proto|tlainilc  conDscUon  Into  tfas  otber 

through  the  anus;  and  iti  the  increiuio  by  successive  biportittons 
of  the  luicronucleua.  Of  Hie  micruuuclei  so  produced,  all  abort 
except  two,  one  of  which  is  migratory  ami  the  other  stjitionary ;  the 
migratory  nucleus  ^Hisses  into  the  other  gumeti-,  nml  fuses  with  its 
stationary  nucleus  to  form  the  zyijotf-nwrlptu.  The  two  gametes, 
eaoli  with  a  zygote-nucleus,  now  separate,  and  the  zygote-nucleus 
gives  rise  by  siiucessive  bijiartitions  to  the  nuclear  apjiaratus  of  the 
exconjngate.  The  details  differ  in  different  s]>eciee.  As  an  example 
of  the  process  wc  may  take  the  simple  case  of  Coljiulium  eoljioda, 
which  i>ossesi«es  one  macro-  and  one  niicronuckus.  Soon  aft«r  the 
onset  of  conjugation,  which  lo^ts  some  hours,  the  micronucleue  of 
each  gamete  undergoes  two  successive  bipartitioiis,  mid  so  gives  rise 


CILIATA.  45 

to  four  micronucler;  of  these  tliree  abort,  and  one  divides  again 
to  foim  the  two  pronuclei,  as  we  may  call  them.  One  of  these 
migrates  into  the  other  gamete,  and  fuses  with  its  stationary  pro- 
nucleus to  fonn  the  zygote-nucleus.  This  undergoes  two  bipartitions, 
during  which  the  gametes  separate  and  the  old  macronucleus  dis- 
appears. The  exconjugates  now  ix>ssess  four  nuclei,  all  derived 
from  the  zygote-nucleus.  Of  these,  two  become  micronuclei  and  two 
macronuclei  of  the  first  bipartition,  which  takes  place  at  from  four  to 
nine  days  after  the  sei)aration.  So  that  the  exconjugate  has  for  some 
time  double  the  ordinary  nuclear  apparatus,  and  the  first  bipartition 
takes  place  quite  independently  of  the  nuclear  division.  For  some 
days  after  conjugation  the  exconjugates  take  no  food,  and  appear 
to  be  without  a  mouth  and  gullet.  They  acquire  the  latter  and  begin 
to  feed  about  twenty-four  hours  before  the  first  bipartition. 

The  mode  of  life  of  the  Ciliata  is  very  various.  Most  of  them  lead 
an  independent  life ;  some  are  carnivorous  and  others  herbivorous. 
The  former  are  very  rapacious,  and  may  take  up  even  Rotifei'a. 
Some,  as  Amphilejttus,  select  fixed  Infusorians,  as  Carchesium  and 
ISpistylufy  for  their  prey,  and  swallow  them  down  as  far  as  the  origin 
of  their  stalk.  Tliey  then,  while  fixed  on  the  stalk,  secrete  a  capsule, 
and  divide  into  two  or  more  individuals.  Some,  as  the  mouthless 
Opalina  and  many  BursariJw,  are  parasitic  in  the  intestines  and 
bladder  of  Vertebrata.  To  these  belong  the  Balantidium  coli^  from 
the  large  intestine  of  man.    (Fig.  40.) 

Order  1.     Gymnostomata. 

The  mouth  is  usually  closed  except  during  incei)tion  of  food,  and 
is  without  undulating  membranes.  The  pharynx  when  distinctly 
developed  is  without  ciliary  stnictures,  but  is  usually  provided  with 
a  rod -apparatus  or  a  modification  of  one.  The  food  is  always 
swallowed,  never  taken  in  by  a  whirl i)ool.  Ciliation  usually 
holotrichous,  but  often  more  or  leas  reduced. 

Fam.  1.  Enohelina.  The  mouth  is  temiiiial  or  suh-tcnninal,  is  usually 
round,  rarely  slit-like.     Anus  usually  temiinal.     Coi\jugation  terminal. 

Sub-fam.  1.  Holophxyina.  Without  tentacular  structures.  Holophrya 
Ehrb.,  m.  and  f.w.*;  Urotricha  Clap,  and  L.  with  caudal  bristle,  f.w. ; 
E^ichelys  Hill,  m.  and  f.w.;  Spalhidium  Duj.,  f.w.;  Ohwnia  Quennerstedt, 
m.;  Prorodon  Ehrb.;  Dinophr^a  Butschli,  f.w.;  Lacrynutria  Ehrb. 

Sub-fam.  2.  Aotinobolina.  With  retractile  tentacular  organs  and  cilia. 
Actinobolus  Stein,  f.w. 

*  m.,  f.w.,  and  iufus.  are  abbreviations  for  marine,  fresh-water,  and  infiisions. 
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Sab-faui.  3.  CoUpiBA.  Month  terminAl,  snirouiided  hy  a  circle  of  curi. 
Body  sometimes  «aiToanded  by  jumour  compoacd  of  pieces  of  the  pelliok 
arranged  in  an  annnlar  manner.  Pltgiopogon  Stein,  f.w. ;  Cclef^  Nitaeh, 
f.w. :  Tiarima  Berg.  m. :  Stepkanopogon  Entz,  m. 

Sab- fun.  4.  Cyclodiaima.  Cilia  confined  to  one  or  acTeral  ringi.  Moath 
nn  a  papilliform  projection.  IHdinium  Stein,  f.w.;  Mtmtdinium  Stein,  a 
large  oral  papilla  with  one  or  more  cirri  arising  from  its  baie,  m.  and  f.w. 

Siib-fam.   5.     Prarotriehiaa.     Blontlj    tnincated   oral   end ;    cilia^ioD 

i.-onfined  to  front  end,  or  there  are  in  addition  incomplete  rings  of  cilia. 

Bularhlia  Schaberg.  mmen  of  Raminants. 

Fam.  2.     Tracbelina.    Month  is  either  a  long  slit  which  extends  from  the 

front  end  along  the  ventral  sorfaee  backwards,  or  its  hinder  part  is  alone 

developed  ms  a  short  slit-like  or  roundish  opening.     The  oral  end  of  the  body 

nsnally  tapers  in  a  proboscis- like  manner.     Pharynx  short  or  absent. 

Sub- fam.  1.  AmphileptinsB.  Mouth  on  the  convex  ventral  edge  of  the 
dorsalwanift-bent  prolKscis,  sometimes  as  long  slit,  sometimes  as  roond 
opening.  AmphiUptu*  Ehrb.,  m.  and  f.w.;  Zumo<«s Wrzesniowaki,  moath 
along  whole  ventral  edge  of  long  proboscis,  f.w.  and  m. ;  LoaBopkyliMm 
Dnj.,  f.w.  and  m. ;  TraeJulius  Schrank,  month  as  round  opening  at  base  of 
proboscis,  endoplasm  vacuolated,  f.w.;  DiUptuM  D^j.,  f.w.  and  m. 

Sub- fam.  2.     Loxodina.    ProlMMcis  bent  ventrally,  and  month  on  its 

concave  edge.     Ciliation  confined  to  the  right  side.     LtHrodet  Ehrb.,  laige 

size,  endoplasm  vacut)lated.  on  dorsal  side  a  row  of  excretion  Tacooles,  each 

with  a  dark  body,  f.w. 

Fam.  3.    Chlamydodonta.    Body  never  elongated  ;  mouth  always  at  a  distance 

from  the  front  end.     Pharynx  always  with  well-developed  rod-apparatna,  or  a 

smooth,  sometimes  peculiarly- formed  oesophageal  tube. 

Sub- fam.  1.    Vassnlina.    Ciliation  complete;  Aojsuia  Ehrb.,  m.  and  f.w. 

Sub-fani.  2.     Chilodontina.    Ciliation  confined   to,  or  stronger  on  the 

ventral  surface  than  on  the  back.     Orthodon  Gruber,  ul;  Ckilodum  Ehrb. 

(Fig.  32;,  f.w.  and  infus.,  m.:  Chlamydodon  Ehrb.,  m.;  OputkoeUm  Sieiu, 

mouth  far  back,  f.w.;  Pha^Kolodon  Stein  ;  Seapkidiodtm  Stein,  m. 

Sub-fani.  3.  Erriliina.  Ciliation  confined  to  ventral  surface,  or  a 
small  field  of  it.  Caudal  eud  with  a  well-developed  movable  style  nsoally 
arising  a  little  ventrally  of  hind  end.  Afgyrui  Clap,  and  L.,  m.;  Om^dkth 
ductylus  Entz,  ni.;  Trochilia  Stein,  f.w.  and  m.;  DytUria  Hnxley,  f.w. 
and  m. 

Onler  2.  Trichostomata. 
Mouth  ;\s  a  nile  always  oi>eu,  rarely  cK^eed  when  not  in  use; 
pharynx  always  tulmlar  and  »>ix»n ;  oilges  of  mouth  provided  with 
undulating  membranes  which  are  continuetl  into  the  pharynx,  or  the 
latter  is  pn.»\ided  with  cilia.  Fooil  rarely  swallowed,  usually  brought 
}>y  a  whirlpool  or  by  sjHH?ial  ciliary  structures. 

Sub-order  1.  A8PIE0TBICHA. 
The  mouth  in  the  most  primitive  forms  extentls  as  a  slit  from  the  front  end 
along  the  ventral  surface  ;  but  is  usually  removed  from  the  front  end  as  a 
reniform  or  orescent-shainxi  o}H^uing.  Pharynx,  when  present,  without  rod- 
apitaratus.  At  the  edges  of  the  mouth  or  in  the  pharynx  are  one  or  two 
undulating  membranes. 
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Fam.  1.  CUliftn.  Hoath  io  the  anteriot  balF  of  the  bodj,  or  close  behinil 
the  midille.  Pharynx  either  acarcely  developed  or  short.  The  imdulatiDg 
membranes  stand  either  at  the  edges  of  the  mouth  or  in  the  pharynx.  A 
so-called  peristomial  field  leading  to  the  mouth  sbient  or  little  developed. 

Le^icophryi  Ehrb.,  f.w.;  Olataoma  Ehrb.,  tw.  and  infus.;  Dalltuia  Stokes, 
r.w.;  /VoR&nita Chip,  and  L.,  f.w.  sod  m.;  OpArj/o^nwi  Ehrb.,  f.w.;  Colpidium 
Stein,  f.w.,  infnB.,  m.;  CharmaUMama  Engelmann,  f.w.;  Uronema  Duj.,  f.w., 
ID.,  par.  on  skin  of  atar-fiahea  ;  Vnaoaa  Sehewiakoff,  t.w. ;  Loxocephalut  Kent, 
f.w.  and  infuB.;  Colpoda  Hllller,  f.w.  uid  infua.  (hay). 

Fam.  2.     KenthorMiiM.     Asymmetrical ;  mouth  in  hinder  part  of  body, 
plaesd  Boniewhat  laterally  at  the  anterior  end  of  a  periatoniial  furrow,  which 
begins  behind  ;   ciliation  sometimes  complete,  aometiniea  confined  to  ventral 
nurface,  alwaja  sparse.     CinitoAilam  Perty, 
f.w.,    m. ;    MicTolhoTox    Engelmann,    f.w.; 
Ptyduiitfmtum   Stein,   parai.   in  intestine  of 
Oligochietea ;  Anci^mm  Maupaa,  Id  mantle 
cavity    of   Mijlilm,     Veniia,    and    probably 
O^rea;   Dnpanomoncu  Freseniua,  f.w. 

Fain.  3.  Panuueeinft.  Mouth  sometimes 
in  the  anterior,  sometimes  in  the  hinder  half 
of  the  body,  frith  considerable  triangular 
shallow  periatomial  pit  passing  to  it  from  the 
left  lids  of  the  body.  Pharynx  tubular,  with 
long  nndulating  membranes  or  low  of  cilia. 
Ciliation  close  and  uniform.  FaraauBduia 
Hill  (Fig.  37-Se),  f.w.  and  m. 

Fam.  4.  Vneentrina.  Uouth  in  middle 
of  ventral  surface  with  long  tubular  pharynx, 
like  that  of  PaTamcKijia.  Ciliation  reduced 
to  two  broad  annular  zones,  one  in  Iront 
and  one  behind.     UrocaUrum,  Nitzsch,  f.w. 


Flo.  H.—Panmo 
one  bonr  sfter  eanjugitian  (slter 
BUUehll).       a    micrDDuclHu  1    JV 


Fam.  G.  PUnroBsmlmft.  Ciliation  complete 
and  nanally  considerable  ;  mouth  at  the  end 
of  •  peristome  placed  at  varpng  distances 
from  the  front  end  on  the  ventral  surface. 
The  left  edge  of  the  peristome  with  con-  vacuole. 
sideraMe  undnlating  membrane  ;   the  right 

edge  with  a  weaker  membrane,  or  with  a  row  of  closely- placed  cilia,  Pliaryni 
slightly  developed  or  absent.  Ltiabadvm  Perty,  tw.;  Pltarmitma  Dnj.,  f.w. 
and  m.;  CaiypMrieha  Phillips  ;  LemJmt  Cohn,  f.w.,  infus.,  m. 

Fam.  6.  iMtrieUna.  Pellicle  thick ;  ciliation  total  and  close.  Uouth 
posterior.  Paraaitic  in  rumen  of  Ruminanta.  /wtrtcAa  Stein ;  DatylHcha 
Schuberg. 

.  Fiun.  7.  Opalinlna.  Ciliation  complete  and  almost  always  uniform ;  mouth 
and  pharynx  absent.  AnopiophTya  intest.  of  Oligochntes,  Polycbietes,  Clepsine, 
Palndina  ;  HaplUophrya  Stein,  with  two  book-like  structures,  Oligochntes  and 
Planarians ;  Daeophrya  Stein,  with  anterior  sucker,  Planarians  and  Anura ; 
(^lintgmi  Foettinger,  macronucleus  in  yonng  forms  elongated  and  twisted, 
later  an  irregular,  even  branched  and  anastomosing  mass  breaking  up  into 
pieces  ;  venous  appendages  of  Stpia,  Octepu$,  or  in  liver  of  Sepiola  and  Odopv* ; 
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Sul'-onler  2.     SPIBOTlieHA. 
Always  vith  dutiiirt  adonl  zaae.  which  nsiully  eorauti  at  nwmbranrlbi, 
■nd  bu  ■  niOTV  or  \tss  spinl  counv  nmnd  a  )ierutiiRiul  ui«.     TIm  I>tt«r  it 
<4i8tiDgDish«d  by  oth«r  |«cu1uHciM  rram  the  mt  of  the  bgdj-nirfaoe. 

Section  1.     Eatantiidk^ 

With  Kell-develojied  adonl  lonv  or  s|>ir>l,  and  a  romplFte  cQUty  corerii^ 
(except  Otfroeoryi). 

¥mm.  1.  PlagiotoiBJna.  PeristoDie  as  a  Darroir  furrow,  which  nauallv  begiot 
cloae  to  the  fronl  cod  and  paaaes  alonj;  the  TfDtral  aurface  to  the  mooth.  which 
ia  either  at  the  nii.ldlp  of  the  body  or  at  the  bind  end.  The  adoral  xone 
■trctche*  fnini  the  mouth  alonjZ  the  left  aide  of  the  periitome,  and  ia  osaaUj 


>in{(]e  or  mnltiple, 


straight.     Pharpil  tabular.     ConfkopOtirut  Stein, 

f.w.,  ectopar.  in  slime  of  different  land  and  f.w.  molluars, 

in   giatral   cavitj  of   Artini^v :    Flaijiaioma   Daj.,  pans.; 

Xyetat/imii    Leidy.    with    anal    tube, 

paras,  iu  inteatin«  <if  Anura.   Insrcts. 

and    Upiaiwils ;    Blfphariiuia     Perly, 

f.n.;  jiftopu.'  Ctsp.   and  L.,   f.w.  and 

ni.:   Spinittomiiia  EhrK.  nia.u.  single, 

Fani.  S.  BuMriaa.  Peristome  as  a 
more  or  less  triangular  (apex  onlwards^ 
field,  and  not  a  riirrow,  Ki  in  PlagiUo- 
iiiiHii,  Pharyiii  al>sent  or  but  slightly 
dpTeloped.  Tlie  aiioral  row  extends 
slonft  the  lelt  )>eri;<ti>tueM:d)7  onlj.  or 
CTOssHi  over  in  front  as  far  as  the 
right  anterior  augte  of  the  peristome. 
RilaHlidiiim  CI.  and  L..  paras,  rectum 
of  man.  pig.  Ampliihia,  body  easily 
of  Polych;vle«  :  £aAiHfiifi'ojiatit  Biitm-hli, 
KhrrnivTv^      Jt      jntestine  of  Rana  ;  Condyliatouia  DmJ., 

•rith  maK  0-   K.   Muller.  large  size,  ma.  n.  long. 

Fun.  S.  StCBtariaa.  Body  elongateil.  Peristome  short  aud  at  front  end. 
Its  two  edges  sotnetimea  prolonged  iulo  wings.  The  adoral  S]>ire1  {lassea  either 
ai.TOSs  the  front  end  of  the  )>Fristonie  to  the  right  n>nier  of  the  sbuk,  or 
coiuiJetely  surrininds  the  (leristoniial  area.  Undulating  Diembrene  abaant 
Tlie  perisloniial  surface  ia  ciliated  ami  spirally  9tri)>ed.  Pharrux  tnbolar. 
Clioaeonlomui-i  Stein,  f.w. :  £(^Nf<T  Oken  ,Fig.  31).  ma.n.  long,  nii.n.  nuiDcrons, 
sometimes  fixed  and  with  j^elatinous  tulr,  f.w.;  FolliculiiM  Lam.  with  petii- 
tomisl  wings,  nsuatly  inliabils  chitinous  tubes,  f.w.  and  ni. 

Fam.  1.  ejneOTTna.  Bell.shajied.  auterior  end  nmmled,  pieterior  end  aa 
candal  appendage  jTojecting  fr^'nl  the  Iwll  :  a  ventral  funvw  with  cilia,  a  row  of 


anu  at  tk*  Uai 


f.w.  and  ni.  similarly  standing  foj-  fresh-watir  ami  mar 
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cilia  at  edge  of  bell  leading  to  mouth  at  base  of  appendage.     Ccenomorpha 
Perty,  f.w.  and  m.  ' 

Section  2.    Oligotrioha. 

Never  elongated,  osually  spherical  or  conical.  Peristomial  field  at  front  end 
and  at  right  angles  to  the  long  axis.  Adoral  row  nearly  or  completely  a  closed 
circle.     Ciliation  of  body  partly  well  developed,  partly  much  reduced. 

Fam.  1.    Lieberknlmiiia,  possibly  a  young  form  of  Stentor. 

Fam.  2.  Halterina.  Peristomial  surface  without  cilia.  Body  with  few 
scattered  or  no  cilia ;  somenmes  with  scattered  immovable  setae.  No  shell. 
Strombidium  CI.  and  L.,  f.w.  and  m. ;  Halleria  Dig.,  f.w. 

Fam.  3.  Tintinnoina.  Provided  with  a  tubular  shell,  to  the  base  of  which 
the  body  is  fastened  by  a  stalk.  Adoral  row  as  a  circle  of  large  membranellse, 
inside  which  is  a  row  of  fine  cilia  (paroral).  Tintinnidium  Kent,  f.w.  and  m. ; 
Tintinnus  Schrank,  m. ;  TirUinnopsis  Stein,  m.;  Codonella  Hack.,  f.w.  and  ul; 
Dictyocysta  Ehrb.,  m. 

Fam.  4.  Ophryoscoleeina,  with  thick  pellicle,  hinder  end  often  with  spine- 
like processes,  deep  funnel-shaped  peristomial  region.  Anus  terminal,  usually 
with  anal  tube.  Parasitic  in  rumen  of  Ruminants.  ErUodinium  Stein ; 
Diplodinium  Schuberg ;  Ophryoscolex  Stein. 

Section  3.    Hypotrielia. 

Body  dorso-ventrally  flattened,  ventral  surface  usually  flat,  dorsal  convex  ; 
peristomial  field  usually  triangular  and  in  same  plane  as  rest  of  ventral  surface. 
I)orsal  surface  without  cilia,  but  with  stiff  bristles.  The  ventral  cilia  uniform  or 
in  various  ways  reduced  and  differentiated.     Pharynx  little  developed  or  absent. 

Fam.  1.  Peritromina.  Peristome  but  little  marked  off  from  frontal  area. 
Ciliation  of  ventral  surface  close  and  uniform  without  differentiation  of  stronger 
cilia  or  cirri.     Peritromtts  Stein,  m.  and  f.w. 

Fam.  2.  Oxytriohina.  Peristome  distinctly  marked  off  from  frontal  area. 
Ventral  ciliation  in  the  most  primitive  forms  uniform  in  oblique  longitudinal 
rows ;  but  some  stronger  cilia  are  almost  always  present  on  the  frontal  area 
(frontal  cirri)  and  at  the  hind  end  (anal  cirri).  Usually  the  ventral  cilia  are 
cirrL  A  right  and  left  row  are  distinguished  as  marginal  cirri  from  the 
imperfect  median  rows  which  are  called  ventral  cirri  (Fig.  41).  These  rows  of 
cirri  must  not  be  confused  with  the  adoral  row  of  membranellae  (a.)  on  the  left 
side  of  the  peristome.  There  is  an  undulating  membrane  on  the  right  side  of 
the  peristomial  area  (the  preoral  membrane,  Fig.  41  m.),  and  in  many  forms  a 
row  of  cilia  on  the  right  side  of  the  adoral  row  (the  paroral  row,  Fig.  41  5) ; 
both  these  structures  are,  like  the  adoral  row,  continued  into  the  pharynx. 
Triehogaster  Sterki,  f.w.;  Urostyla  Ehrb.,  f.w.  and  m.;  Kerona  Ehrb.,  com- 
mensal on  Hydra;  Epiclintes  Stein,  m.;  Stieholricha  Perty,  f.w.  and  m.; 
Slrongylidium  Sterki,  f.w.;  J7b^«^tc^  Wrzesn.,  m.;  Amphisia  Sterki,  f.w.  and 
m.;  UroUptus  Ehrb.,  f.w.  and  m.;  Onychodromus  Stein  (Fig.  41),  f.w.;  Pleuro- 
trieha  Stein,  f.w.;  Gastrostyla  Engelm.,  f.w.;  GonosUnnum  Sterki,  f.w.  and  m.; 
UroBoma  Kowalewsky,  f.w.;  Oxyiricha  Ehrb.,  f.w.  and  m.;  Stylonyehia  Ehrb. 
(Fig.  30),  f.w.  and  m. ;  Actinotricha  Cohn,  m.;  Balladina  Eow.,  f.w. ;  Psilotricha 
Stein,  f.w. 

Fam.  3.  Snplotins.  Ciliation  much  reduced ;  the  anal  cirri  are  always 
]vre8ent,  but  the  marginal  frontal  and  ventral  cirri  may  be  absent ;  encuirassed. 
J-JuploUs  Ehrb.,  f.w.  and  m. ;  Diophrys  Duj.,  m. ;  Uronychia  Stein,  m. ;  Aspidisca 
Ehrb.  (Fig.  42),  f.w.  and  m. 

£ 
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Section  4.  ?«Titrieha. 
CiliA  coDGneil  to  no  adoni  spiral  and  a  poat^rior  cirel«t  (rUcb  tB  not  mlwijt 
pTMenL  The  adoral  spira]  with  the  peristomiml  area  is  placed  at  the  froDt 
en'!  of  the  body  (eicept  m  one  familj).  Tlie  mouth,  amis,  and  reservoir  of  the 
ciu tractile  vacuole  all  open  iutu  a  depreHSJon  of  the  jieiistonie  called  the  veetibnla. 
Tlirr  jieristome  an<l  adoral  cilia  are  generally  BUrrounded  liy  a  projecting  Up-like 
ridge. 

Fam.  1.  BpiToehoiiiaa.  With  a  peculiar  penstoiuial  funnel  rolled  into  a 
Rpiral  at  the  front  end.  Reproduction  by  budding  near  tlic  periBtonie.  Attached 
by  an  adbeaive  disc  at  the  bind 
eutl.  Total  eoQJu^tioD  between 
small  aaimals  with  undeveloped 
periatonie.  No  posterior  circlet  of 
cilia.  Parasitic  on  the  legs  of 
Limnoria,  A'ftoJi'a. 
Spinxltoiia  Stein. 


II  of  ■  UjiriJtrlch  Onycho- 


— a.  Arpidiica  IjpiaaMtrr, 
,  AipMltai  polyi^la  dnr- 
ilon  oner  BteinX 


Fani.  2.  Liehnopborina.  Peris- 
tome and  adoral  spiral  ventral. 
Hind  end  as  a  sucker  for  attach- 
aZim\xnaubna^]n^'bVtr^nl'cm"'ev^  nient,  and  aurroHudcd  by  the  po«- 
gCnal  drrl ;  d  froiiUI  cirri ;  e  veiilnl  cirri ;  tcrior  circlet.  Ectoparasitlc  on  the 
/soalclni:  IB  [irwjrsl  uiidulBtiiiB  meiiibrauo;  glij^  of  Medusn!,  Opisthobranchs, 
»nucloiiB;«iajuiractil«™cuule.  worms,    and    Asteroids.       Ltehno- 

phora  Clap. 
Fani.  3.  Dreeolariikft.  Frce-swimminB,  with  poaleri or  circlet  of  cilia,  which 
encloses  an  ailliesivc  disc;  without  pcristouiial  lip.  Trkhodinn  Ehrb.,  ooto- 
parasitic  on  the  skin  of  fresli-natcr  and  marine  animals,  f.g..  Hydra,  Planariana, 
etc. — also  eodniiarnsitic  in  bladder  of  fishes  and  Ainphiliia,  Cyclocha-la  Jackson, 
on  the  surface  of  a|>onge»,  gills  of  Sowpima  and  Trigia,  etc.;  Trichodini^itit 
Ciap.  and  L.,  in  gut  and  mantle  cavity  of  CyeloAonui. 

Pani.  4.  Vortioellina.  For  the  moat  part  attuclieil ;  without  permanent 
posterior  circlet :  witli  peristomial  lip,  which  can  lie  closed  over  the  peristome 
in  a  sphincter- like  fnshion  ;  a  large  imdulating  membrane  c<intiTiuod  into  the 
vestibule.  In  addition  to  the  adorol  zone  there  is  an  inner  circle  of  cilia  cor- 
responding to  the  i)aroral  row  of  other  types ;   it  extends  into  the  vestibnle. 
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Scyphidia  Lochmsnn,  ectopar. ;  Qtrda  CUp.  and  L, ,  f.v. ;  Astghzeoit  Engelmuiii, 
f.ve.;  VoTiuxlla  L.,  with  long  contractile  fibre  for  sttachtneut,  f.w.  and  m.; 
Carckaium  Ebrb.,  colonial,  f.w.;  Zoolhamni'am  Ebib.,  colonial,  f.w.  and  m.; 
Olosml'llii  BMt3ch!i,  attuched,  but  without  stalk;  Eputytis  Ehrb.,  colonial, 
and  JOiobdoitgla  Ksnt,  solitary,  stalk  without  contractile  fibre  ;  Opercularia 
Gotdf. ;  Ophrydiuia  Bory ;  Colliumia  Ehrb.;  Vaginicola  Lam.;  LageaojArya 
Stein,  with  lories. 

Forma  of  uncertain  position  : 

ifnllicilia  CJenk.,  covered  by  long  llagella-like  cilia,  m.  and  f.w.;  Oraaia 
Fiscli,  covered  with  long  cilia,  paraaitic  in  stomach  at  frog  and  in  blood  of 
ffyla  tiridii;  Mngoiphara  Haeckel,  free-swimming  ciliktcd  forms  occurring 
in  spherical  colonies. 

Sub-class  III.     ACIXETAEIA. 

Infusoria  trifh  tcnohhed  fenfacle-lilce  peocee»e*  lehieh  eerve  as  sucking 
lubee.     Ciliated  in  the  young  gtate. 

Tliese  animals  are  always  seJentary  in  habit,  and  either  free  or 
attached;  wheD  the  latter  they  may  be  sessile  or  stalked.  They 
prey  upon  the  living  tissues  of  other  organisms  by  means  of 
their  tentacles.  The  latter 
ate  processes  of  the  cor- 
tical protoplasm,  and  are 
of  two  main  kinds,  con- 
necting which  there  are 
intermediate  forms  :  (1)  the 
so-called  prehensile  tenta- 
cles which  taper  distally, 
although  they  do  not  end 
in  a  sharp  point,  and  (2) 
the  guetorial,  which  are 
cylindrical  in  shape  and 
rounded  at  the  end,  which  ^'°-  «—*«•«"«  ;iT™m(juiH™  Bhrb.,  .uoking  ms 

,  badyorsiiii>UlDrUKirlaD(KiicAr7|[iXanFr  Lacbntanii. 

may  even    bo   swollen   into       rsiietorl*ltentac1«i  f  vacaalai -Vnueleui. 

a  distinct  knob. 

The  tentacles  of  both  kinds  appear  to  contain  a  canal  vhich  opens 
dietaUy  to  the  exterior,  and  leads  at  the  other  end  into  the  central 
protoplasm  of  the  body.  The  fluid  or  semi-fluid  contents  of  their 
prey  pass  down  these  canals  in  a  current,  the  cause  of  which  is  not 
quite  understood.  Maupos  has  suggeeted  that  the  transparent  ecto- 
plasm of  the  Acinetan  first  poiiscs  in  an  invisible  current  by  the 
tentacle  into  the  body  of  the  prey,  there  absorbs  the  protoplasm,  and 
then  returns  with  its  burden  to  its  own  body  in  a  current  which  can 
be  traced  by  the  granule  contents  of  the  protoplasm.     All  tentacles 


are  retractile,  and  tlie  prelieneile  do  not  seem  to  differ  materially  in 
function  from  the  suctorial,*  In  their  retraction  lliey  often  become 
marked  by  a  i)ecidiar  spiral  wrinkling  of  their  surfaces — possiUy  due 
to  torsion. 

Mouth  (other  than  the  tentacular  pores)  and  anus  nre  not  present. 
Contractile  vacuoles  are  present  and  vary  in  number,  Tlie  macro- 
nucleus  may  be  elongated  or  branched,  attaining  a  groat  extension 
and  complexity  in  bucIi  a  form  as  Derutrotoma,  which  looks  like  a 
colony  of  Acinetans  attaclietl  to  a  creeping  stolon,  A  micronucleus 
is  certainly  present  in  some  forms,  and  probably  in  all.  Tlie  body 
has  a  jjellicle  wliich  is  in  some  cases  thickened  to  form  a  shell  or 
tlieca.     Tlie  stalk  of  attachment,  when  present,  is  not  contractile. 


Reproduction  takes  place  in  one  of  three  ways : 

1,  Equal  transverse  tiesion ;  as  a  reaiJt  of  this  the 
divides  intfi  two  equal  pieces,  one  of  wliich — the  distal — retracts 
its  tentacles,  acquires  cilia,  and  swims  away,  while  the  other,  or  basal 
piece,  keejw  the  old  attachment  and  condition.  Such  reproduction, 
in  which  the  products  are  more  or  less  equal  in  size,  is  found  in 
Hi/jtocoma,  Sj/htci-ophrr/a,  Poilnphrya,  Urnvla,  etc, 

2.  Simple  to  multiple  budiling ;  this  is  characteristic  of  the  genua 
EpJielofa  (Fig.  4i).     One  or  more  buds,  eacli  containing  a  process  of 

•  Tlie  i)relieusile  tontaoles  ivlieii  present  flret  wiio  the  jirey,  bring  it  within 
i-eauh  of  tlic  knol>bed  tentacles ;  bat  it  ih  by  no  nieiiiB  clear  that  they  do  not 
share  in  tlic  auction  act. 


ACINETARIA.  53 

the  nucleus,  are  fonned,  and  eventually  nipped  off  as  free-swimmiiig 
ciliated  forms. 

3.  Internal  budding  is  the  most  common  method  of  increase.  It 
takes  place  in  Tokophrya  quadHjtartita  as  follows :  a  funnel-shaped 
invagination  of  the  apical  surface  is  fonned,  the  opening  of  which 
narrows  to  a  pore.  The  hud  aiises  from  the  base  of  the  pit  or 
brood-pouch  so  fonned,  as  a  projection  contauiing  a  part  of  tlie 
nucleus.  Eventually  the  bud  becomes  constricted  off  so  as  to  lie 
freely  in  the  brood-pouch,  acquires  some  cilia,  and  escapes  through 
the  opening  as  the  free-swimming  young  form.  In  Deiulrocoimtei^ 
the  bud  is  evaginated  through  the  i)ore  before  separation,  so  that  it 
forms  a  projection  of  the  body  of  the  mother.  The  young  are 
always  ciliated,  and  the  cihation  may  be  holotrichous,  hypotrichous, 
or  peritrichous.  It  occasionally  happens  {Podophrya  fixa^  etc.)  that 
a  whole  individual  retracts  its  tentacles,  acquires  cilia,  and  breaks 
away  as  a  free-swimming  swarmer. 

Conjugation  of  the  temporary  kind  has  been  ol)served,  and  is 
probably  a  general  phenomenon  in  the  group.  The  changes  of  the 
macro-  and  micronucleus  accompanying  it  seem  to  be  of  the  same 
nature  as  in  the  Ciliata. 

Encystment  is  of  common  occurrence,  but  its  relation  to  other 
vital  phenomena  is  not  known.  Tlie  cyst  wall  often  possesses 
annidar  thickenings.  ^ 

Fam.  1.  Hypocomina.  Freely  movable,  not  attached ;  with  permanently 
ciliated  ventral  surface  and  one  suctorial  tentacle.  Hypocoma  Gruber,  ni., 
eotopar.  on  ZootJiamnium, 

Fam.  2.  UmnliiLa.  With  one  or  two  (rarely  more)  tentacles  not  distinctly 
knobbed.  Hhyncheta  Zenker,  freely  motile,  without  theca,  on  ventral  side  of 
Cyclops  ;  Umula  Clap,  and  L.,  attached  and  with  theca,  on  stalk  of  Epistylis. 

Fam.  8.  Xetaeinetiiia.  With  stalked  funnel -sha|)ed  theca,  the  walls  of 
which  are  perforated  by  slits  for  the  exit  of  the  knobbed  tentacles.  Metacinctd 
BtttschU,  f.w. 

Fam.  4.  Podophryina.  Tentacles  numerous  and  usually  considerable,  on  the 
whole  surface  or  only  apical,  either  all  distinctly  knobbed,  or  some  of  them 
without  knobs  serving  as  prehensile  tentacles.  Spccrophrya  Clap,  and  L., 
without  stalk,  endoparasitic  in  Ciliata;  EndospTuiera  Engelm.,  Podophrya  Ehrb  , 
stalked,  with  knobbed  similar  tentacles  from  all  parts  of  body ;  Ephelota 
Wright  (Fig.  44),  tentacles  both  knobbed  and  pointed,  chiefly  from  free  end, 
m.,  on  Hydroids,  Polyzoa,  and  Crustacea;  Podocyathua  Kent,  like  the  last,  but 
with  theca. 

Fam.  5.  Aoinetina.  Stalked,  or  with  stalked  or  unstalked  theca  with 
simple  opening.  Tentacles  numerous,  all  alike,  and  usually  distinctly  knobbed. 
Tokophrya  Butschli ;  Acineta  Ehrb.  (Fig.  43),  stalk  continued  as  theca  ;  Soleno- 
phrya  Clap,  and  L.,  theca  sessile. 

Fam.  6.     Dendrofomina.    Without  stalk  or  theca.     Tentacles  numerous,  all 
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alike  «n<i  linobbed,  amoged  in  tiifto,  which  may  bo  nutnerouB  and  placed  at 
the  ends  of  branch-tike  lobes.  Tnthopkrya  Cla]..  and  L.,  Dtndroaoma  Ehrb,, 
large  animal  resembling  a  colony,  with  branched  niacronucleua  extending 
throughout  the  boily, 

Fam.  7.  DBBdrooomstinB.  Sessile,  with  numerous  knobbed  tentacles  on 
branched  arms  or  over  the  whole  free  aurra<%.  Attached  by  the  wbolo  baial 
aurface  or  by  a  part  of  it.  Dtndrocomete$  Stein,  gills  of  Oammarvt  puUx; 
SlyUxoinetei  Stein,  on  gill-plates  of  Aullus  aquaticta. 

Fam.  8.  OpluTodendrina.  With  short  or  long  stalk,  tentacles  rarely 
diatinctly  knobbed,  and  borne  by  one  to  several  proboscis -like  proceasee  of 
the  body.      Ophryodettdn/n  Clap,  and  L. 

J  Class  m.    SPOBOZOA.* 

Parasitic  Protozoa 
which  reprodwe  by  span- 
formalifm.  Ntttriment  it 
fai-en  up  in  the  liquid 
stale.  In  most,  probaMy 
in  all,  the  young  elages  at 
leoft  are  irttraeellvlar  in 

Tlie  Sporozoa  are  found 
in  all  the  great  groups  of 
animals  except  the  Proto- 
zoa mid  Cwlenterata.  In 
the  young  state  at  leaBt 
tlioy  live  eml)edded  in  the 
jirotoplftam  of  their  host, 
into  n'liich  they  make 
their  way  when  hatched 
out  from  the  minute 
spores.  Tliey  are  there- 
fore described  as  intra- 
cellulnr  parasites.  In 
some  forms  they  remain 
often    they    ou^row 


Fio.  «.— Crtjnrtsa  (if 
Calopltryx:   b.  Grtfarii 


iiDpleUly   lOnned   tpona   (pHado- 


within    the    coll    throughout    life,    hut 

tlie  cell  and  come  to  lie  free  in  tlio  tissues  or  spaces  of  the  body. 
They  live  entirely  on  the  nutritive  juices  of  their  host,  and  tlieir 
power  of  movement  is  limited.     Some  liave  little  or  no  power  of 

*  Balbiani,  Lecont  sut  Ics  Sporoioaires,  Paris,  1884,  Htltsclili,  "Sporowa," 
in  Bronn's  Klwmtn  «.  Ord.  d.  Tkiermicheii,  1880-82.  L.  PfeifTer,  Die  ProtoiMn 
aU  Krankhcitxrrfgtr,  cd.  2,  Jena,  1891,  and  Nathtrltge,  Jena,  1895.  Idem, 
Die  ZelUrkrankuJxgtn  etc.  durch  Sporo:<i'ii,  Jena,  1893.  V.  Wasielewski, 
Sporoioentuiide,  Jena,  189S. 
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changing  their  form,  while  others  are  amoeboid.  They  vary  much 
in  size,  some  not  exceeding  ten  micromillimetres  in  length,  while 
others  may  attain  a  length  of  sixteen  mm.  The  protoplasm 
usually  exhibits  a  differentiation  into  ectoplasm  and  endoplasm, 
and  the  endoplasm  is  often  highly  granular — a  feature  which 
becomes  more  marked  with  the  age  of  the  individual. 

Conjugation  occurs  in  some  groups  {Gregarinida,  Drepanidiidia, 
etc.),  but  has  not  been  observed  in  all. 

Reproduction  is  effected  by  the  division  of  the  protoplasm  into 
spores,  which  may  be  coated  or  naked.  In  most  cases  encystment 
precedes  sporulation,  but  in  some  of  them  the  spores  are  produced 
gradually  during  the  ordinary  life  of  the  individual.  In  the 
Gregarinida  and  Coccidiidea  the  spore-protoplasm  divides  to  form 
the  young  forms.  In  others  the  whole  spore  becomes  the  young 
form.  There  is  often  a  little  residual  protoplasm — generally  non- 
nucleated — left  over  after  the  sporulation.  The  young  which  issue 
from  the  spores  are  either  falciform  or  amoeboid. 

In  Gregarinida  and  Coccidiidea  the  sporulation  usually  takes  place 
after  the  cyst  has  left  the  host  (exogeny),  but  in  the  other  forms 
it  is  effected  within  the  host  (endogeny), 

A  process  which  may  or  may  not  be  analogous  to  the  formation  of  polar 
bodies  of  the  metazoan  omm  (or  speaking  more  generally,  to  the  reduction- 
divisions  of  the  progametes)  has  been  observed  by  Wolters  in  Gregarines  {Arch, 
Mic  Anal.  Bd.  37)  and  by  Labb6  (loc,  eii,)  in  Coccidia,  The  nucleus  divides ; 
one  half  remains  in  the  animal,  while  the  other  passes  to  the  surface  and 
disappears.  This  phenomenon  precedes  the  fusion  of  the  nuclei  in  the  con- 
jugating gregarine,  and  sporulation  in  the  Coccidia. 

In  Gregarinida  and  Coccidiidea  the  cysts  pass  out  with  the  fseces 
and  enter  another  host  in  its  food.  In  the  other  orders  the  method 
of  transference  from  host  to  host  is  not  certainly  known,  but 
probably  in  some  cases  the  spores  are  not  able  to  leave  the  host 
until  its  death,  after  which  they  may  enter  a  new  host  in  the  food ; 
while  in  other  cases  it  is  possible  that  the  infection  is  transmitted 
by  blood-sucking  insects,  or  through  the  lungs  in  dust. 

It  is  possible  that  there  may  be — in  the  exogenous  forms  at  least 
— some  other  mode  of  reproduction  besides  that  of  spore-formation. 
Very  little  is  known  on  this  head;  but  unless  there  is  some  other 
reproductive  process,  it  is  difficult  to  see  how  in  exogenous  forms, 
such  as  Cocddium  oviforine  of  the  rabbit,  the  enormous  number 
of  individuals  which  characterise  acute  coccidiosis  is  produced.  It 
is  also  probable  that  in  some  cases,  e.^.,  the  forms  which  live  in 


'rii-.*jtL  HxTi  La  an  intenne«iLite  h«.<!>U  *>t  that  the  spores  have  the 
pCTr*r  of  iieveloping  and  living  ••at»i<ie  the  body. 

X*  a  gF:n<ftral  rule  th*^y  d**  n^x  indioi  serioos  damage  on  their 
hrjsifi^ :  hnz  in  scm^  caa^sf  thev  arv  verr  injurioo^  and  maj  came 
•leash.  Thi*  L*  ««>mt:tim<?s  due  t**  the  de:^tructi•xl  of  larg?  Uacta  of 
celia  or  of  great  numbers  t.'f  bk-.xl  i^r-rpuiscles^  Whether  in  soch 
cane*  the  injnrr  L»  due  to  any  ♦.ther  cause  than  merely  eating  out 
the  celL  <^oa  as  the  pr>iucti*'>n  *.*i  an  injurious  substance  as  the 
rcKxh  of  their  vital  activity,  i^  n*^t  kui>wn.  In  some  endogenous 
form*.  ^-^.,  yiyjy^i^'ri'ha^  in  which  the  <pores  cannot  escape  from 
the  h'>t,  extensive  nim«>ur«  mav  be  fi>nued. 

m 

In  :h<  cLuBiicadon  of  tLr  •^laa  adoi'Ceti  in  this  vork,  the  Uood-pandtcf 
LaT«  V«Kii  ;iLitei  in  the  order  MxiH*mi*:ritiia,  and  the  CtecidiitUa  hare  been 
«pttnt<il  fr>m  :he  <rr«tjanjttc/(i.  It  u  rery  |>^o^«bIe  that  these  three  orden, 
whkh  are  zc>>re  'il-yae.j  alli«ii  ^l  e«L-h  other  than  to  the  other  two  orders  shonlil 

r^  nrirefi  in  one  groa^i. 

«  h^i»rr    1.       <iRR;ARlNIDJL* 

ParOifiti''  Pr'Atyz^xi  "'hich  at'-,  -mfmrf'tof  durijiij  the  tchol^  or  a  part 
of  their  li^'*:^  i'i  th'>  jrf:^''^Ja^i"  #/  thiir  h*)^^  They  are  fnthomf 
nkotith  '■;•  iMiJf,  au'f  thty  HJifnaUtj  •••'y»ii*/»<*v  Ay  oxtte^l  fpore*^     Cilia 

TLr  fri-'^'j'ji'i^ii'fa  live  as  jvink-^ir'-s  in  the  alimentary  canal,  and 
in  th*^  ti-N-Tie?  of  ni«.«cit  animals.  Tlioy  are  uv-i  found  in  Protoma, 
Ca:Ientera:«r<,  or  Vertebrata.  hi  iht*  y...ung  state  tliey  lie  entirely 
within  the  {.p:»t«>plasm  of  a  Ml  i-f  tht^ir  hvi<?t*  usually  an  epithelial 
'.>rll  '.'f  th»f  intestine :  but  as  tht*y  ^»w  .•Ider  and  increase  in  sire 
they  prgVt.t  fr.-m  ih»^  cell.  i.»  whicli  th»>y  remain  attached  for  a 
timtr.  Eventually  they  l^t^'ome  free,  and  lie  in  the  cavity  of  the 
intestine  '.'r  other  or^iui  »^f  their  lu^t.  Tlie  l^nly  is  genendly 
trl«:.R;rateil  in  a  vermifi.»nu  manner,  an*l  ci>u>ists  oi  a  granular  semi- 
fl-jil  eri«l'i»l^-m  C'litainini:  a  nucleus,  a  thin  extem;U  laver  of  clear 
ec^.•i•lJu?m,  and  a  thick  external  cuticle,  IKvks  for  attachment, 
and  h-iir-iike  pn-H-v^sSts  may  K^  prt^-k'ut  as  mv^Kiitic-ations  of  the 
cu:kl-.  The  structure  ••!  the  Kxly  may  W  complicated  bv  the 
presence  -f  a  {virtiti-u  wall  dividiui:  the  endoplasm  into  an  anterior 
l«..rt:on  caliei.l  the  }-rf,f,ni-:nt*.  and  a  jx^sterior — the  deutomerite. 
The  {Kirtition  consists  .»f  a  pr\'k«nLraiion  of  the  ectoplasm,  and  the 

*  Aini.:  S.:hri«.!rr.  * Coutril-utions  a  ihistoire  dos  Givgarines  des  Invertebres 
.ie  Paris  rl  tie  K.>j'>3ff.'  Ar^h.  aV  Z^  *.  ^xptr.  tt  *.i.,  torn,  iv.,  1S75  :  and  in 
various  so.vt-ling  volumes  of  the  same  Jourual.  O.  ButA.*hli,  "  Protoio*,"  iu 
Bronn's  A7»»ja:h  und  Ordnun>KH  iL  rhierrricAs.  lSSQ-2. 
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nucleus  lies  in  the  deutomerite.  In  such  forms  there  ia  generally 
a  small  third  division  of  the  body  in  front  of  the  protomerite 
called  the  epiinerite.  It  contains  a  small  quantity  of  endoplasm, 
and  is  the  part  of  the  body  by  which  attachment  to  the  cell-host 
is  effected.  When  the  animal  loses  this  attachment  and  lies  free 
in  the  alimentary  canal  the  epimerite  disappears. 

The  epimerite  varies  much  in  form,  and  bears  appendages  of  very 
different  kinds  (hooks,  spikes,  filaments,  etc.).  It  is  usually  found 
only  in  septate  forms  (with  a  proto-  and  deutomerite),  but  occasionally 
it  is  present  on  the  front  end  of  a  monocystid  (non-septate)  form. 

Occasionally  after  detachment  from  their  cell-host  they  penetrate 
the  gut- wall,  and  form  cysts  which  project  into  the  body-cavity — 
these  are  known  as  the  body-cavity  forms ;  but  as  a  rule  they^  lie 
freely  in  the  alimentary  canal. 

Free  Gregarines — particularly  the  Polycystid  (septate)  forms — 
have  a  peculiar  habit  of  adhering  to  one  another,  end  to  end,  in 
rows  (Fig.  45).  These  are  the  so-called  associations  of  Gregarines. 
As  many  as  a  dozen  may  be  so  joined  together.  The  anterior  indi- 
vidual of  an  association  is  called  the  ^WmiVe,  the  rest  the  satellites. 
The  phenomenon  has  nothing  to  do  with  coi\jugation. 

Nourishment  is  effected  by  endosmosis  through  the  body-walls,  and 
motion  is  confined  to  a  slow  gliding  forward  of  the  body.  The  body, 
however,  has  sometimes  the  power  of  change  of  form,  though  such 
change  is  not  of  an  amoeboid  character.  It  consists  rather  of  a 
contraction  of  the  ectoplasm  which  causes  movements  of  the  endo- 
plasm,  and  is  not  unlike  the  streaming  movements  seen  in  the 
Mycetozoa. 

In  many  forms  there  are  longitudinal  fibrillar  thickenings  of  the 
cuticle,  and  occasionally  a  special  superficial  layer  of  the  ectoplasm 
immediately  beneath  the  cuticle  is  distinguished  as  the  sarcocyte. 
The  sarcocyte,  which  is  sometimes  found  only  on  the  anterior  part 
of  the  body,  may  contain  a  layer  of  transversely-placed  fibres,  which 
are  very  possibly  contractile  in  function,  and  form  the  part  of  the 
ectoplasm  called  the  myocyte. 

Reproduction  is  effected  by  the  division  of  the  body  while  in  au 
encysted  condition  into  spores,  and  seems  generally,  if  not  univer- 
sally, to  be  preceded  by  conjugation  of  two  or  more  individuals. 
The  procedure  is  as  follows :  two  (rarely  more)  individuals  apply 
themselves  together  in  various  ways,  and  gradually  flatten  out  against 
one  another  so  as  to  form  a  rounded  syzygium.  In  some  cases, 
after  remaining  in  this  condition  for  some  little  time,  it  appears 
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that  they  separate  and  encyst  separately.  As  a  rule,  however,  they 
remain  together,  and  a  cyst- wall  is  secreted  round  the  syzygium ;  hut 
even  in  this  case  the  fusion  of  the  conjugating  individuals  does 
not  appear  always  to  he  complete,  for  the  line  between  them  can 
frecjuently  he  seen  until  the  spore-fonnation  has  begun.  In  Diplo- 
cf/siis  and  Gamocijifis  conjugation  occurs  very  early,  so  that  it  is 
rare  to  find  any  hut  very  small  forms  not  united  with  another  in 
conjugation.  This  precocious  conjugation  may  take  place  some  time 
before  encystment.  The  internal  processes  accompanying  conjugation 
have  not  been  thoroughly  made  out,  but  it  appears  that  the  nuclei  of 
the  conjugating  pair  meet  in  the  bridge  of  protoplasm  which  connects 
tlie  two  Ixxlies,  and  there  fuse  to  form  a  zygoto-nucleus.  This  divides 
and  gives  rise  to  a  number  of  nuclei,  which  travel  to  the  surface  and 
are  budded  off  with  a  certain  portion  of  the  protoplasm  as  the  small 
rounded  spores.  The  protoplasm  of  the  syzygium  is  more  or  leas 
used  up  in  this  process,  but  there  generally  appears  to  be  a  certain 
amount  (residual  protoplasm)  left  over,  unchanged,  in  the  cyst.  The 
uninucleated  spores  acquire  a  chitin-like  coat,  which  has  often  a 
spindle-shajKid,  oval,  or  oblong  form,  and  in  this  condition  are  called 
pseudonaviceUcH*  The  contents  of  the  {)seudonavicell8e  divides  longi- 
tudinally into  a  number,  generally  six  to  eight,  of  sickle-shaped 
structures  called  the  falciform  Inxlies,  and  into  a  small  amount  of 
residual  protoplasm,  which  disappears.  The  falciform  bodies  on  the 
bursting  of  the  cyst  and  the  solution  of  the  spore-case  become  young 
Gregarines.  It  thus  api>ears  that  the  young  Gregarines  arise  by  the 
division  of  the  sjKjre- protoplasm.  When  first  liberated  from  the 
case,  the  young  often  perform  active  serpentining  movements  and 
make  their  way  into  a  cell  of  their  host  (generally  a  new  host, 
but  in  endogenous  sporulation  it  may  be  the  same  host,  see  below), 
in  which  they  increase  in  size,  until  they  grow  too  large  for  the 
cell  and  project  into  the  neighbouring  space.  Eventually  they 
become  detached  and  lie  freely  in  the  organ  they  infest — alimentary 
canal,  testis,  kidney,  or  whatever  it  may  be.  Some  of  the  fonns 
are  only  known  in  the  full-grown  free  condition,  and  we  cannot 
therefore  be  certain  that  they  are  intracellular  in  habit  in  the 
young  stage.  The  si)ores  escape  by  the  bursting  of  the  cyst,  or  in 
some  cases  through  sporoducts  which  are  formed  in  the  protoplasm 
of  the  syzygium  and  everted  thrcnigh  perforations  in  the  cyst-walL 

As  a  general  rule  conjugation  precedes  the  formation  of  the  cjst, 
but  encystm(?nt  of  solitary  forms  and  sul)sequent  sporulation  has  been 

*  In  Porospora  gigantea  of  the  lobster  the  spores  are  naked. 
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observed.  It  is  possible,  however,  that  such  solitary  forms  have 
escaped  from  conjugation.*  The  division  of  the  cyst-contents  into 
spores  in  Polycystids  usually  takes  place  outside  the  body  of  the 
host  after  evacuation  with  the  faeces  {exogenous  sporulation) ;  but  in 
the  Monocystids  and  body-cavity  forms,  sporulation  is  endogenous, 
I.e.,  it  takes  place  in  the  body  of  the  host.  In  the  latter  case  the 
spores  may  either  be  evacuated  and  produce  their  genns  in  a  new 
host,  or  the  germs  may  be  hatched  out  in  and  reinfest  the  same  host. 

Endogenous  cysts  found  in  organs  which  do  not  communicate  with  the  exterior 
can  only  set  free  their  spores  for  a  new  host  after  the  death  of  their  host.  The 
body-cavity  cysts  are  found  only  in  insects,  and  mainly  in  females,  which  often 
die  after  laying  their  eggs. 

Sub-order  1.     1I0H0CT8TIDEA. 

Without  differentiation  of  the  body  into  protomerite  and  deutomerite,  etc. 
Generally  of  considerable  size  ;  when  full  grown  lying  free  in  the  bckly-spaces  of 
their  host.  The  protoplasm  after  encystment  breaks  np  into  spores,  each  of 
which  becomes  coated  and  divides  into  several  falciform  bodies.  Conjugation 
appears  to  be  general.  Monoq/stis  Stein,  elongated,  one  end  with  cuticular 
hairs,  sporulation  incomplete ;  body-cavity,  gut,  and  testis  of  earthworm ; 
OamoeystU  Stein,  cyst  with  gelatinous  coat  and  sporoducts,  intestine  of  Blatta 
lapponica  and  Ephemerid-larvse  ;  Conorhynchus  Greef,  almost  always  in  syzygial 
condition,  gut  of  Echiurus ;  Oonospora  Schn.,  like  Monocyitis,  Annelids, 
Uroapora  Schn.,  like  Monoq/stis,  gut  of  Nemertines,  body-cavity  of  Sipunculus, 
testis  of  Tubifez. 

Sub-order  2.     P0LTCT8TIDEA  (8EPTATA). 

With  differentiation  of  the  body  into  protomerite,  deutomerite,  and  sometimes 
epimerite.  Other  characters  as  in  Monoq/stidea,  In  alimentary  canal  of  Arthro- 
poda.  Dufouria  Schn.,  Colymbetes  larva  ;  Bothriopsis  Schn.,  various  Dytiscidse ; 
Porospora  Schn.,  Homarus  ;  StenoeepJuiltis  Schn.,  Julus;  HycUospora  Schn., 
Thysannra ;  Euspora  Schn.,  Melolontha  larva ;  Clepsidrina  (Gregarina) 
Hammersch.  (Fig.  45),  various  insects ;  PiUocephalus  Schn. ;  Echinocephalus 
Schn.,  Lithobius;  Stylorhynchus  Schn.  (Fig.  45),  Opatrum,  Asida,  Blaps ; 
Actinoeephalus  Schn.,  Coleoptera,  Locusta,  Sciara  larva. 

Order  2.     CocciDiiDEA.t 

Minute  Gregarine-like  forms  tchich  mainly  infest  epithelial  cells, 
ami  do  not  otifgrow  their  cell-host.     They  produce  falciform  young. 

This  is  a  provisional  division  to  include  certain  small  oval  parasites 
with  a  single  Nucleus  found  in  the  cells  of  various  animals.  They 
have  so  far  been  found  in  Vertebrates,  Arthropods,  and  Molluscs. 
They  bring  about  the  destruction  of  their  cell-host,  and  those  which 

*  According  to  L^ger  there  is  a  Gregarine  in  the  body-cavity  of  Glycera  which 
produces  spores  without  encystment. 
t  A.  Labbe,  "Recherches  sur  les  Coccidies,"  Arch,  Zool,  Exp,  (8),  4,  1896. 
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infest  the  epithelium  of  the  alimentary  canal  may  cause  the  death  of 
their  host.  They  encyst  within  the  cell  which  they  inhabit,  and 
their  protoplasm  gives  rise  to  coated  s()ores.  Conjugation  is  un- 
known, and  there  are  no  cuticular  structures  until  the  cyst-wall  is 
formed. 

The  cyst-wall  may  be  thin,  in  which  case  sporulatiou  takes  place  in  the  same 
host,  and  the  gemis  (falciform  bodies)  are  set  free  to  reinfest  the  same  host 
(endogenous  sporulation),  or  it  is  thick  and  double-contoured,  in  which  case  the 
cyst,  on  the  breaking  down  of  its  cell-host,  falls  into  the  alimentary  canal  and 
is'ejected  with  the  feces.  In  the  latter  case  the  spomlation  (exogenous)  takes 
place  outside  the  host,  and  the  geims  are  set  free  after  the  spores  have  entered  a 
new  host. 

abed  e 
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Fio.  46.— C'«Kr»(ZjM))i  oiifonm  from  the  liver  of  the  rabbit  (from  Wasielowski,  after  Balbiaai). 
u  and  b,  young  coccidia  in  epithelial  cells  of  the  bile  dnct,  the  cell-nucleus  lies  in  the  appo* 
process  of  the  cell  host ;  c,  encysted  form ;  d  and  c,  contraction  of  the  protoplasm  to  s 
sphen* ;  j/,  h,  i,  siwre-fonnation  ;  kj  ripe  sjwre  with  two  falciform  young  and  a  residual  body. 


In  8om<i  Coccidiidea  only  one  spore  •  is  i»roduced ;  in  such  cases  the  whole 
animal  becomes  the  s}K)re,  and  its  cyst-wall  the  spore  case.  In  the  rest  the 
contents  of  the  cyst  divides  into  two  or  more  spores  (leaving  as  usual  a  residue) 
which  acquire  cuticular  coats.  In  all  case^j  the  contents  of  the  spore  gives  rise 
to  the  falciform  bodies  (one  or  more,  leaving  a  small  unused  residue)  which 
are  the  germs  or  young. 

Tribe  1.  Monosporea.  The  whole  contents  of  the  cyst  forms  only  one  spore, 
and  the  sjK)re  has  no  spore-case  distinct  from  the  cyst- wall.  Orthospora  A.  Schn., 
sjwre  with  four  falcifonn  bodies,  inteat.  e])ithelium  of  Triton;  JEimeria  Schn., 
numerous  falc.  bodies,  intcst.  epithelium  of  mouse,  frog,  fishes,  myriapods,  etc. 

•  The  archesporc  of  Labbe  seems  to  \>e  merely  the  8iM)re  before  the  formation 
of  the  spore-case.  The  sporozoites  are  the  bodies  which  proceed  from  the  spore ; 
they  are  called  in  the  text  falciform  bodies,  and  are  the  young  forms.  In 
Labbe's  nomiaiclature  a  ajxire  which  jiroduces  one  falciform  body  is  called 
monozoic ;  that  which  produces  two  falciform  bodies  is  called  dizoicy  and  so  on 
to  polyzoic. 
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Tribe  2.  OUgaapona.  Cyst  produces  but  few  BporM.  CgcUapora  Scho., 
inteat  epitheliam  of  Qtomerit,  and  the  cat.  Coccidiwn,  I^eack.,  iD  each  of  the 
four  aporea  only  two  falciform  bodies ;  iu  oella  of  the  intestine  and  liver  of 
nuunmftls,  birds,  reptiles,  anjphibia,  and  fiabea  ;  C.  ovi/orme  Leuck.  (Fig.  16], 
epitheliom  of  bile-duct  and  intestine  of  rabbit.* 

Tribe  3.  Poljapore*.  With  many  Bpocea.  Ktoaia  Schn.,  about  sixty  spores 
each  with  four  to  six  falc.  bodies ;  Icidney  Hsiii,  Succinea,  and  NeretiDa ; 
Minehinia  Labbj,  spores  witli  tno  long  fiUnients,  in  liver  and  connective  tissue 
of  Chiton  ;  BarTOuuia  Schn.,  each  spore  vitb  one  falc.  body  ;  Adelta  Schn.,  in 
intestinal  epithelium  ot  JjUhobiut  forfiaUv^. 

Order  3.     ILshosforidia. 

Minute  itttracellular  parasite* 
irhich  mairdy  infest  the  eorjms- 
i-les  of  the  blood.  The  spore« 
are  naked  and  do  not  subdivide. 

Tlie  Hasmosporidia,  like  the 
Coccidiidea,  never  become  80 
large  as  to  outgrow  tlieir  cell- 
host  ;  but  they  differ  from 
them  in  posecsaing  naked  spores. 
Moreover  the  spores  do  not 
aub-divide,  but  become  directly 
transformed  into  the  yotmg 
forms,  t  It  is  not  known  how 
they  leave  their  host  or  how 
they  enter  new  hotits. 

Sub-order  1.     DSETAirtDnBIA. 

The  Drtpanidiidia  infest  the  blood-corpuscles  and  are  foand  in  Amphibia, 
Reptilia,  and  Atcs.  They  have  not  yet  been  found  in  lishes  and  mammaU, 
or  in  invertfibrates.     They  were  discovered  by  Ray  Lankeaterf  in  the  frog. 

They  are  small  un[nocteatei1  grrgariDs  like  creatures  wbicli  infest  the  red 
blood-corpntcles  {ntrely  the  white  blood-corpnscles  and  cells  of  spleen,  liver, 
and  kidney)  of  their  host.  They  cause  the  destruction  of  their  cell-host,  from 
wbich  they  poas  to  livs  for  a  time  freely  in  the  blood.  They  tlien  enter 
another  blood -corpuscle,  secrete  a  cyst-wall,  and  break  tip  into  elongated  oval 

*  This  forma  an  exogenous  cyst,  and  it  ia  a  question  haw  tbe  rabbit  becomes 
infested  with  ths  innumerable  coccidia  which  are  present  in  acute  coccidiosia. 
It  has  \Mxa  suggested  that  these  coccidia  reproduce  in  two  ways— the  one  hy 
exogenous  aporulation  as  describtd  in  the  text,  and  the  other  endogenously 
in  tbe  cell-host  by  tbe  direct  breaking  up  of  the  coccidium  into  numerous 
falciform  bodies  without  the  formation  of  spores,  or  by  its  simple  division. 

+  This  statement  perhaps  requires  qualification,  for  in  some  of  the  Acysto- 
aporidia — the  so-called  two-sporcd  forms — tbe  nucleus  of  the  form  about  to 
sporulate  divides  into  two,  and  gives  rise  to  two  centres  of  spore. formation. 
(See  below.) 

:  Vidt  Quari.  J.  Mit.  Sd..  xi.,  1S71,  and  ibid.,  voL  xxii.,  1S82. 


.  a.—DaaUnatya  tiuuct  froni  the  U 
a,  three  tna  tomu  wltb  gngarlpf 
appearanee.  beth ;  b,  after  tmtment 
gold  -  rUorlde  nnd  bemat«ijliii,  iho 
myoeyte-BWUr. 
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bodies  which  are  naked  and  do  not  further  aub^iride.  These  oi 
youiig  fonii,  and  may  be  compared  to  tlie  spores  of  the  other  fomiB.  They  are 
set  free  in  the  blood  on  the  breaking  down  of  the  c«U.host,  and  soon  enter 
another  corposcle,  where  they  acquire  their  fiill  size.  They  than  le*ve  the 
cor|(UscIe  and  enter  upon  the  stage  described  above,  during  which  they  lire  freely 
in  the  blood.  They  have  been  observed  to  conjugate  completely  in  pairs  in  this 
free  atage.  In  the  free  stat«  they  move  either  by  serpentine  bending  of  the  body 
or  by  WBTB-Iiko  contractions  of  the  body  substance.  It  is  not  known  how  they 
are  transported  to  a  new  host. 

Drepanidiuin  Lankester,   Rana,  Ayes ;   Karyolyaa*  Labbi,  Lacerta ;   2teil>- 
temikya  Labbe,  Lacerta,  Ciatudo,  Rana. 


Sub-order 

These  are  amteboid  cell-|araH 

reptiles).     They  do  not   form 


ImpanidWm  princejtt;  d,  tm 
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found  only  in  vertebrata  (except  fishes  and 
yst-wall.     They  mainly  infest  red   blood- 
found  in  the  kidney,  liver,  and  intestinal 
hyi^rtrophy  of  tlie  corpuscle  and  a  diminution  of  ib 


corpuscles,  but 
epithelium.    They 
hfemoglohin. 

The  Aeystorpori'lia  are  si>ccislly  interesting,  because  they  include  forms 
which  are  associated  with  some  im|)ortaiit  diseases  id  certain  of  the  latger 
mammals,  e.g.,  malaria  in  man  and  Tcias-fever  in  cattle.  They  are  miunte 
amiBboid  organisms,  with  a  nucleus  and  pigment-grains  (Fig.  49).  They  never 
leave  their  cell-host,  and  their  movements,  which  are  always  amoeboid,  tak« 
place  within  the  cell.  They  readily  undergo  liegenerativo  changes  in  prep«un- 
tions  of  the  blooil  of  infected  animals.  These  changes  consist  in  the  dism}itton 
of  their  corpuscular  host  and  in  the  thrusting  out  of  vibmtile  processes,  which 
break  off  from  tlie  iKidy  (Fig.  fiO) :  this  is  the  so-called  Polymitits-^aTm. 
Finally  the  body  itself  breaks  up. 

They  reproduce  in  their  cell-host  by  the  formation  of  minute  spores  without 
encystnient.  They  first  assume  a  rounded  form  ;  the  iiuclens  then  breaks  up 
{so-called  one-spored  fomis)  into  a  number  of  minute  fragments,  around  which 
a  portion  of  the  protojilasm  becomes  segregated  (Fig.  Gl) ;  these  small  nucleated 
fragments  constitute  the  naked  s|>ores  of  the  animals.  In  some  cases  the 
nucleus  divides  (so-called  two-sporcd  forms)  into  two  before  breaking  up,  so 
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that  two  groups  of  spores  are  formed.  The  spares  are 
in  Karyophagta  tlie;  arc  gickle-sbaped.  They  pass  ii 
enter  other  blood -eorpusclcB. 

Hon-  these  organisms  are  carried  from  host  to  host  is  not  known ;  but  it  has 
been  suggested  that  the;  may  be  taken  into  the  lungs  in  dust,  and  be  carried 
by    {larasitic   insects  and    ticks.      It 
appears    certain    that    the    organism 
associated  nith  Teias. fever  is  carried 
hy  a  tick,  Boophilus  bovit.* 

Fam.  ].  AeyitidB.  Ejiithelial  para- 
sites which  form  falciform  germs. 
Karyophagiu  Steinhaus,  amphibia. 

Kam.  2.  HMuammbida.  Mainly 
in  blood-corpuBcles ;  form  amccboid 
genus.  SalUridiKm  I^bb^,  with  two 
spores,  birds,  health  unaffected  ;  Pro- 
Uaaima  Labbe,  with  one  spore,  birds, 
produces  fever  and  may  cause  death  ; 
Stemamaiba  Graasi,  with  one  spore, 
man,  occurs  in  two  forms,  the  one 
amneboid    (variety  icrUaaa),    and    the  .^^  iinnieroiiB  eooitt      ' 

other  aemilunar  and  immovable  (vari- 
ety juaferna).      H,    Ifivei-ani    Labbe 

(Figs.  G2,  53),  discovered  in  1880  by  lAveran  in  the  blood  of  malaria  patients, 
cauaea  destruction  of  the  red  corpuscles,  period  of  development  of  germs  *8-72 
hours.  Golgi  showed  the  connection  between  the  attacks  of  fever  and  the 
development  of  this  parasite  ;  Diietyloiotna  Lahb*  and  Cytamaba  Labbe,  in 
liana  etc\dtnCa ;   Apioxnna  bigemin\im.  Smith,  associated  with  Teios.fever  in 


Fio.  4D. — C^tumaba  Itvlfriftm, 
blood  of  Sana  (mifrnfa  (froin  W 
iftei  LabMX    a,  uniEbold  tora 


iftt  01  degenention  (Polytnltiu-ronn]  of  HatUriMati  itnnflniatirl, 
bom  Uie  blood  of  the  lark;  b,  c  BUgeg  Hltb  vIbnUle  Oagelli;  in  d  these  an  being  eait 
off  (after  LabU). 


ottle,  infection  carried  by  ticks,  amixboid  organisms  iu  the  red  blood-corpuscles, 
high  fever,  ansemia,  bloody  urine,  the  nnmber  of  red  btood-corpuscles  is  dimin- 
ished in  one  week  to  one-sixth. 

Babesia  bovis  Babes,  in  blood  of  the  ox,  causing  hiemoglobinurea ;  Amabo- 
iporufiunt  potyphagum  Bonone,  associated  with  Icterus-lnematliria  of  the 
sheep,  are  probably  allied  here. 

*  Th.  Smith,  Centralbl.  Bakt.  Parasitk.  18,  1893,  p.  611. 
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Order  4.     Myxosporidia.* 

Mulfiniicleatefl,  at/ut'boul  i^Mtroztta  parasifir  in  the  relUy  tisfuef^  or 
itjxires  of  animah.  The  *fitore*  jx>siess  polar  raphes  ami  Jtbres. 
The  contents  of  the  ^jKtres  do  not  fiin'de,  but  issue  as  amaefHmf  young. 

These  are  the  so-called  fish-i>soros})erms  of  J.  Miiller.  They  are 
parasitic    in    worms,   arthropods,    polyzoa,   and    vertebrates.       They 


Fin.  51. — ProUo$oma  grasrii  Labbe,  from  the  blood  of  a  flnch.  Sporolatioii  of  Um  one-spond 
painsite.  a,  showing  the  parasite  in  the  corpuscle ;  f>,  showing  the  parasite  broken  up  into 
spores  (after  Labbe). 
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Fio.  52.—H(nnamaba  Javrrani,  \-ariety  quatema,  from  the  blood  of  a  man  with  malaria 
(after  Labbe).  o,  newly-infected  blood -corposcles ;  ft,  r,  rf,  successive  stages  in  the  growth 
of  the  parasite  in  the  corpuscle ;  e,  banning  of  sporulation ;  /,  rosette-shaped  group  of 
spores  round  a  central  residual  body  ;  n,  ttpores  (young  forms)  set  free  in  the  blood  by  the 
breaking  up  of  the  corpuscle. 


a 


•9e* 


Fio.  dS.—Ha-mamceba  torfmni,  variety  tertians,  Ihjin  the  blood  of  a  man  with  malaria, 
rt,  young  parasites  in  a  corpuscle ;  6,  amoeboid  form ;  c,  rounded  form ;  d,  sporulation ; 
e,  tree  spores  (after  Labbe). 

have  attained  some  notoriety  from  the  fact  that  the  organism  {Glugea 
ftoinhtjcis),  which  causes  the  Pe//r//Mlisease  of  silk-worms,  lielongs  to 
the  order. 

They  include  two  principal  varieties,  viz.,  those  which  lead  a  free 
life,  creeping  about  on  the  surface  of  the  gall-bladder,  urinary 
bladder,  and  kidney  tubes  (Fig.  54),  and  those  which  are  embedded 


HYXOSPORIDIA. 


65 


ill  the  tissues.  The  ti^ue-forms  occur  either  in  ri/als,  which  are 
often  visible  to  the  naked  eye,  or  in  an  infiltrated  form,  and  they 
may  infest  almost  any  tissue  (bone,  cartilage  excepted). 

It  is  not  quite  clear  to 
what  extent  they  are  cell- 
paiasites.  Many  of  them 
Bie  certainly  intracellulai 
in  the  young  state,  and  it 
is  possible  that  all  may  be 
so  ;  but  the  youngest  stages 
have  not  been  studied  in 
all  forms.  Sporulation  in 
the  intracellular  forms  may 
begin  in  the  quite  young 
forms,  even  before  they 
have  outgrown  their  cell- 
hoet.  The  Mt/xogporidta 
differ  from  other  Sporoioa 
in  their  tendency  to  cause 
tumours  in  their  host. 
They  may  cause  serious 
diseases  :  the  silk  -  worm 
disease  has  been  referred 
to,  and  they  have  been 
known  to  cause  serious 
mortality  among  fishes. 

Those  which  lead  a  free 
life  are  amceboid  and  vary 
much  in  shape  (Fig.  54), 
The  shape  of  the  cysts  and  . 
of  the  intiltiatton- forms 
depends  upon  the  physical 
condition  of  the  tissues. 

The  Mifxoeporidia,  though  amceboid,  do  not  take  up  solid  food, 
but  resemble  other  Sportaoa  in  absorbing  the  nutritive  juices  of 
their  hosts.  The  body  shows  a  division  into  ecto-  and  endoplaam. 
The  nuclei  are  numerous  and  lie  in  the  endoplasm,  which  contains 
grannies  and  fat-drops. 

,  B^piedtution  takot  place  by  spore- fonnatioa.  They  differ,  hoirerer,  rrom 
other  Sporoxoa  in  the  fact  that  the  whole  body  does  not  break  up  into  spores  at 
im«  time,  but  the  (pores  are  foimed  gradually  in  the  endoplum  while  the  parent 


■porldiA, 

ip  apon*  (nftsr  Thilohii 


I  nve-Hvlng  Ttjvi 
ifnnUle  gnnolM; 
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Btill  continuea  to  grow  aod  to  move.  When  a  spore  ii  about  to  be  formed,  a 
noall  spherical  mass  of  eudoplaam  contaiuing  one  nncleua  is  niarked  off  tram 
the  real  b;  a  delicate  membrane  ;  it  thus  constituttt  an  ovum-like  body  lying 
in  the  endoplsini.  It  is  <x.l\cd  a  primitive  ^here  (Fig.  55] ;  ita  nucleus  grsdnall; 
divides,  karyokineticallj,  into  ten  nuclei,  and  it  theu  itself  divides  iuto  two  parta, 
each  of  which  contains  three  of  the  ten  nuclei  of  the  primitive  sphere  ;  the  four 
remaining  naclei  togetlier  with  a  portion  of  protoplaam  forms  a  small  residual 
body,  which  soon  disappears  [t/.  the  residual  bodies  of  other  Sporoxoa).  The 
two  trinucleated  bodies  thus  formed  are  the  tpvroblaatt ;  thej  are  enclosed  in 
the  membrane  of  the  original  primitive  sphere,  which  aoon  thickens  into  a 
renstent  npore-case.  Each  sporoblast  divides  into  three  cells  (Fig.  Cfi<)>  ot 
which  one  gives  rise  to  one  sj>ore,  and  the  other  two  to  the  two  polar -capanlea 
(Fig.  a/).  The  polar-capsules  are  fornicd  in  and  at  the  eipense  of  the  protoplasm 
of  the  polar-capsule  cells,  which  wholly  disappear  in  the  process.  The  polar- 
capaules  are  ovoid  bodies  containing  a  long  spirally-ooiled  thread  (Fig.  &6},  which 
is  everted  with  considerable  force  when  tlie  spore  ia  acted  upon  by  the  digEative 


b.  tub  Hitli  three  nuclei,  and  a 
the  ipmabluls  into  two  imallM 
lach  vjth  ■  ncDole.  snd  ■  lirgu  eell  (the  ipon)  0.    /,  fonoatloi 
of  poUi-capauleB, 

juicca  of  tlie  animal  which  swallowa  it.  It  is  probably  everted  with  such  foree 
that  it  pierces  tlie  walJ  of  the  alimentary  canal,  and  thus  effects  the  attachment 
of  the  spore  to  its  new  host  (Fig.  58).  The  apore^ase  liurats  in  the  conm  of 
twenty-four  hours  after  this  attachment,  and  the  Contained  (jemi  makes  its 
way  as  an  amieboid  form  through  the  intestinal  wall  and  migrates  to  the  tittne 
in  which  it  is  to  live. 

In  the  case  just  described,  which  ia  that  of  the  genus  Jfyj'oio/fu,  each  primitive 
sphere  gives  rise  to  two  sporea  ;  but  in  some  cases  only  one  spore  reanlts,  and  in 
others  three  or  more  are  formed.  In  the  tissue-forms  a  considerable  numtwr  of 
spores  proceed  from  each  primitive  sphere, 

Tlie  sjiecies  are  distributed  by  the  spores,  which  are  carried  to  the  extsrior, 
or  when  this  ia  impoeaibic,  as  in  the  case  of  the  tissue-forms,  are  set  free  on  the 
death  of  their  host. 
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Fam.  1.  IlTxidUa.  Spores  variouslj  formed  with  two  poUr-capauIcs ; 
includes  the  forma  least  d^enerated  l>y  parasitic  life.  Principally  in  gall- 
bladder and  kidney  tab«s  of  fishes  and  amphibia.  Liplalheca  liiTlohan  (Fig. 
E4),  gall-bladdor  or  kidney  of  varioai  fishea  and  amphibia;  CerrUvmyia  TbfiL, 
gall-bladder  of  Kahea ;  SpliaroqioTa  Tbel.,  kidney-tubes  of  fishes,  S.  eligani 
TheL.kidney-tahes  and  Diary  of  stickleback;  JVyxufium  Butschli,  if.  lieterkskni 
Butacbli,  urinary  bladder  of  pike  ;  SjAaromj/xa  ThU. ;  Uyxonnita  Th^l. 


Flo.  M.— GItwBi  iimtitcU  (artar  BalUul). 
d,  t,  gnxrth  rtaia ;  /,  g,  h,  gponilitlon 
ialtaUdwlUiCliifHi;  I:,  I,  twolnrectol  i 
(atl<mia)pmyi ;  k,  begl' 


m;  b.c,  hatehlng  o.  ■maboM  y 
Ida  ot  illk-wonu  cilcrpdiiir,  ■Uimgl]' 
ilonueh-eplllielial  call*  of  the  c«l*rpl1Ur  of  .Jnaou 
of  InfSctioD ;  I,  the  cell  it  ooDiplslclr  BUwl  with  epona. 
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Fsin.  2.  CUoramyxUa.  Spona  irith  foar  polkr-opanlea.  CAZanmyniM 
Uinguzini :  C.  iHfUHnt  Gurley,  gall-lilsddcr  Baja  ktlit, 

Fam.  8.  KTSoboUto.  AIniMt  all  tissnr-)iar»itea,  principally  gilh,  splcea, 
etc,  of  fishes ;  one  or  tiro  i»l>r-cBpgaleB.  Myrobolu*  Butschli  (Figa.  6G-G7) : 
Ml.  pir^ormit  Thil.,  )[ills,  iplc«n,  kidnej  ot  the  teltcb  (T'luni  vutgarit);  M. 
ditpar  Thel.,  gills  of  Carp  (CypriKUt  nUilvt) ;  Senntguya  The).  ;  H.  ptanm- 
peratica  Tbil.,  gills,  eye-nitucln,  ovary  of  )iike ;  B.  mtdia  Tbi\.,  kidney 
and  oTary  of  stickleback, 

Fam.  t.  6Ing«iiU«.  With  very  small  OTifonn  sporea,  liaring  at  the  broad 
end  ■  non-colouralile  vacuole,  at  the  narrow  end  a  polar-c»[iaule  ntnally 
invisible.  Qlvgea  Thel.,  maitily  tisiiie-pamites ;  Ql.  hombifei*  Thrl.  (Jfure- 
ipoHrfium  hombjieU  Ralb.),  in  all  tiiBiies  of  Bombyz  iitori,  is  the  cause  of  tlie 
Pebriue  disease  of  silk-worms  (Fig.  5S),  which  between  the  yotra  1864-67  caosed 
tho  loss  of  one  milliard  Tranca  to  the  French  silk-worm  industry  ;  combated 
by  microscoiiicat  examination  of  rg^ 
and  rejection  of  those  infected  {Paslear 
and  Balbiani) ;  Ql.  bry^saida  Korot- 
DelT,  sexual  organs  and  body-ca*ity  of 
AlcyoHtUa  f*Hgiiaa  PleidojAora  Om- 
ley  Theloliaitm  Uennegnj,  muscle* 
/r      1  "1         (  f-  '       "'^  Palieinon    Crangon,  Astaeus ;    Tk. 

\  ^)    i.\   — Sii*=i      cmUgranv   Hen  ,   muscles  of  AiLmit 
flitvialilu 


Oriier  5     Sabcospohidia.* 

Cyhwbtetd  tnlraeellular  para- 
ntw  vifenfiii'i  the  ffn'peif  ji»u- 
rular  fihrei  ot  reiiain  rerfettrate*. 
These  are  the  so-called  Mi- 
Hchers  tiilics,  the  contents  of 
which  are  known  as  Rainey's 
Corpuscles  (tig  59)  They  con- 
tain a  numlier  of  more  or  lefs 
s[)l)encikl  bodies,  n  liich  divide 
1IJI  intu  still  smaller  bodies — the 
genus  The'*  latter  become 
sickle  limited  and  appear  to  con- 
Btitiite  the  ^oung  Very  Utile 
w  kiionn  iilwut  this  group.  IVe 
ore  ignorant  of  t}ii  iiiiiniii  r  in  whicli  the  tnin-tference  from  host 
to  ii'ist  is  i-tfe'tJit,  and  i>f  tlii   >oim^'  sttigts  of  infcLtion. 

*  Bertram,  "Heitra;^:  y..  K'-tint.  d.  8«mw|M>ridii;n."    Zool.  Jahih.  AWi.f- 
Anat.,  5.     Ai.  S-hn-id^r,  " Ophry'.cy-,ti«  bills.;] ilii,"    Ardi.  Zool.  Kep.  (2),  2, 
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SarcocysUs  Lankester,  in  the  muscles  of  pig,  sheep,  gecko.  Sareogporidia 
have  been  described  in  man,  cat,  dog,  mouse,  rat,  hare,  rabbit,  ox,  deer, 
horse,  etc 

The  Amcsbasparidia  and  Serosporidia  may  be  taken  here.  The  Amcebosporidia 
are  multinucleated  amceboid  forms,  which  conjugate,  encyst,  and  produce  one 
coated  spore.  The  sjiore  divides  into  eight  falciform  young;  they  may  also 
increase  by  dividing  directly ;  they  live  in  the  Malpighian  tubules  of  some 
beetles.  Ophryocystis  A.  Schn.  in  Blaps,  and  Akis.  The  Serosporidia  are  long 
oval  parasites  which  infest  the  body-cavity  of  some  Crustacea.  They  increase 
by  direct  division,  and  by  encysting  without  conjugation  and  subsequent 
breaking  up  into  numerous  amoeboid  young.  Serosporidium  L.  Pfciffer,  in 
Cypris,  Daphnia,  and .  Gammarus. 


J 


CHAPTER   II. 

THE   METAZOA. 

All  animals  above  the  Protozoa  have  been  classed  together  as 
MefaztKij  and  i)o«so8s  the  following  characters  in  common : — 

There  ia  alwavs  more  than  one  nucleus,  and  the  nuclei  are  for 
the  most  part  arranged  with  a  definite  relation  to  the  functional 
tissues. 

Conjugation  always  takes  place,  but  the  structure  is  so  complex 
that  conjugation  Injtween  the  ordinary  individuals  of  the  si)eciGS 
is  impossible.  Consequently  special  individuals — the  gametes — are 
produced  for  the  purpose  of  conjugating.  These  individuals,  which 
have  a  very  similar  form  throughout  the  group,  are  simple  in 
stnictuiv.  and  unicellular  in  character;  there  are  always  two  kinds 
of  them  in  every  species,  called  r(»si)ectively  ova  and  i^jH^rmatozoa, 
They  arise  by  a  i»rocess  of  unequal  fission  from  their  parent,  and 
may  lx>th  be  produced  by  one  individual  or  by  different  individuals. 
AVlien  they  an»  l)oth  pnxluced  by  the  sjuue  individual,  that  indi- 
vidual is  said  to  1j<»  hermaphiuHlite.  "When  they  are  produced  by 
different  individuals,  that  parent  which  proiluces  the  ova  is  called 
the  female,  while  that  which  pro<luce8  the  sjuinnatozoa  is  culled  the 
male ;  and  the  individuals  are  said  to  be  unisexual  and  the  species 
fJioeciounf.  The  conjugating  individuals,  or  gametes,  produced  by 
the  male;  never  have  the  power  of  assuming  the  ordinary  form  of 
the  species,  and  though  they  have,  as  a  rule,  the  i)ower  of  inde- 
])endent  locomotion,  soon  die  unless  placed  in  the  most  favourable 
circumstiinces.  The  gametes  i)r(Hluced  by  the  female,  on  the  other 
hand,  while  they  are  without  the  power  of  locomotion  and  have  a 
rather  greater  i)ower  of  independent  life,  are  in  rare  cases  capable 
of  becoming  more  complex  in  structure,  and  of  assuming  the  form 
of  the  adult.  To  females  wliich  prtMlucc;  such  ova  the  term  jHiriheno- 
f/enefir  is  applied.  In  the  vast  majority  of  cases,  however,  the  ovum 
has  not   the  power  of   changing   its  form  and  of   developing  into 
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the  ordinary  form  of  the  species  unless  it  first  conjugates  with  the 
spermatozoon.  The  zygote  so  produced  is  uninuclear,  and  has  the 
property  of  developing  into  the  ordinary  form  of  the  species.  This 
method  of  reproduction,  in  which  a  new  individual  arises  from  the 
combination  of  two  independent  individualities  in  the  zygote,  is 
called  the  sexual  method  of  rejproduction,  as  opposed  to  the  asexual 
viethod,  in  which  a  multinucleated  mass  is  separated  off  from  the 
parent  with  the  power  of  assuming  more  or  less  directly  the  ordinary 
form  of  the  species.  The  asexual  method,  though  common  in  the 
vegetable  kingdom,  is  comparatively  rarely  found  amongst  animals 
(Coelenterata,  Polyzoa,  Tunicata,  Annelida,  etc.). 

It  thus  appears  that  the  Metazoa  may  be  defined  as — 
Animals  in  which  the  ordinary  (so-called  adult)  form  of  the  species 
has  always  more  than  one  nucleus,  and  in  which  the  nuclei  are  for 
the  most  part  arranged  regularly  and  tcith  a  definite  relation  to  the 
functional  tissues  of  the  animal  (so-called  cellular  arrangement). 
Special  conjugating  individuals  of  the  form  of  ova  and  spermatozoa 
are  altcays  formed. 


CHAPTEB  IIL 

PORIFERA.' 

The  Porifera  present  a  great  variety  of  external  fonn.  They 
may  be  cup-shaped,  saucer-shaped,  tubular,  rod-shaped,  foliaceous, 
trumjiet-shapeil,  fan-shapeil,  mushroom -shaped,  lobed,  digitate, 
brancheil,  or  irregular,  etc,  (Figs,  60-62.)  As  a  general  rule,  the 
form  is  extremely  variable  even  in  the  same  sjjecies,  and  is  therefore 
of  little  use  in  identification.  They  are  almost,  if  not  quite,  always 
attached  to  fonugn  objects;  this  may  be  effected  by  a  broad  basal 
surface,  or  thev  niav  be  st^Uked.  In  some  cases  thev  are  rooted 
in  sand  or  in  mud  by  lvis;d  processes  or  by  si»eciiU  rtx>ting  spicides. 
AVith  the  exception  of  the  fresh- water  ^iKmtjilli'hf,  they  are  marine, 
and  are  found  at  all  depths,  C>ne  family — the  Cliofivfit* — lK)re  into 
shells  and  stones. 

As  the  name  implies,  the  surface  of  the  Kxly  presents  a  large 
number  of  jH^res,  which  are  minute  in  size  and  inhalent  in  function. 
Tliese  jH^res  lead  into  a  system  of  channels  which,  after  permeating 
almost  the  whole  Ixxly,  ojkmi  to  the  exterior  by  one  or  more — but 
always  a  few — hirgi*r  exludent  ojxniings  CiUleil  i^'ula.  This  system 
of  sj^t^es  connecting  the  inhalent  jx^res  with  the  exludent  oscida  is 
the  canal  system.  Thrv>ugh  it  there  juisses — maintaineil,  as  we  shall 
see,  bv  ciliarv  action — i\  c\»ntinuid  stre;mi  of  water,  which  enters  bv 
the  inhalent  jH^res  and  jxisses  out  thn^ugh  the  iv^ouLu  The  sponge 
is  covennl  by  an  epithelial  layer  which  we  may  call  ri'hmlenn  ;  the 
canal  system  is  lineil  by  an  epithelium,  which  ;is  we  shiUl  see  is 
usuidly  jKirtly  tvtixlerni  and  jxirtly  ert'^^h^ruk :  but  the  main  mass 
of  the  Kxly  is  fonueil  of  a  Si>ft  ti:>sue  which  we  shall  call  tue^^erm. 
Tlie  mes<.xlenu  consists  of  a  gi^latinous  Ivisis  ^though  no  gelatine  has 
l^een   detoi^teil    in    it),   containing  a   pnnoplasmic   network    holding 

*  For  |>riiKii\tl  literatun?  sei'  cl*sses  ami  orders,  R.  IUni:.<oh.  "  Revision  of 
the  genene  uv^meuolaturv  aiui  cjissification  in  lV>werltauk's  '  H:iti$li  S]K^nguMi«."* 
PrtKttdimijf  ani  TnmAi^ioHS  oftXt  Litrrpooi  J^iW.  i&V,,  toL  ;?,  1S93,  jk  175. 
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nuclei,  and  preaentmg  differentiations  of  \anoua  kinds — so-called 
muscle  cells,  amceboid  cells  generative  cells,  scleroblaets  {spicule- 
fomiuig  cells)  The  mesodermal  network  is  continuous  both  witli 
the  ectoderm  and  with  the  endoderm  indeed,  these  layers  may 
fairly  be  regained  as  superficial  bounding  expansions  of  the  meso- 
demiftl  mass      Skeletal  structures,  the  main  function  of  which  la 


ID-colon;  {(Iter  Buckcl). 


to  support  the  sponge-body,  arc  contained  in  the  mesoderm.  These 
may  be  calcareous  or  silicious,  in  which  case  we  get  the  KO-cnlle<l 
sponge-spicules ;  or  they  may  consist  of  a  homy  material  called 
spongin  (common  bath  sjronge.  Fig.  63) ;  or  finally,  spongin  fibres 
and  silicious  spicules  may  co-exist.  Tlie  generative  cells  are  budded 
off  from  the  mesodermal  network,  and  are  eventually  dehisced  into 


,   whence   they  are  carried   to   the 
c  tissues  of  the  sponge  an 
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some   part  of  the  canal   systeiu 
exterior. 

It  ia  probable  that  all  the  protoplae 
contractile,  i.e.,  both  the  epithelial  layers  and  the  tnesodennal  net- 
work ;  but  special  structures  in  the  course  of  the  inhalent  and 
exhalent  parts  of  the  conal  system  have  been  described  aa  rouacular 
sphincters.  Ectodermal  cells  canymg  hai^lilce  sensory  projections 
have  been  described ;  these,  like  otlier  epithelial  structures,  are 
connected  below  with  the  mesodcmial  network,  parts  of  which 
have  therefore  been  interpreted  as  nerve-fibres  and  nerve-cells ;  but 


there  is  no  reason  why  one  part  of  tlic  network  should  be  considered 
as  more  especially  adapted  for  nervous  conduction  and  reflection  than 
another.  Tlie  ectodermal  eiutlieliuni  consists  of  flat  cells;  the 
endodenn  is  partly  formed  of  flat  cells  and  partly  of  somewhat 
cylindrical  cells,  each  with  a  flagellum  and  collar.  These  are  the 
chouiocTtes  (Fig.  64).  They  arc  |ierhaps  the  most  characteristic 
constituents  of  the  sponge -body ;  the  collar  is  a  nienibranous  pro- 
longation of  the  cell  at  its  free  end  roiuid  the  biise  of  the  flagellum; 
and  the  whole  cell  resembles  an  individual  of  the  Clioaiiofltu/ellata. 
It  contains  one  or  more  contractile  vacuoles,  and  its  base  is  prolonged 
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into  processes  which  join  eimilai  processes  of  neighbouring  cells  and 
the  mesodermal  network.  The  collared  cells  are,  as  a  rule,  confined 
to  special  parts  of  the  canal  system  called  the  flagellateit  or  ciliateii 
ehatahers.  Their  main  function  is,  no  doubt,  to  cause  the  current  of 
water  which  is  continually  flowing  through  the  sponge.  Ciliated 
epithelium  is  not  found  in  the  Porifera,  though  in  some  spouges 
(Oscarella  ktbtUarig,  Plakina  ntotwlopha,  etc.)  the  ectoderm  cells 
carty  flagella. 

We  may  now  proceed  to  describe  in  greater 
detail  the  various  parts  of  the  sponge-body. 

The  simplest  form  of  sponge — 'We  do  not  say 
the  most  primitive,  though  it  may  be  so — is 
presented  by  the  Ascon  tyi«  of  the  order 
Calearea. 

The  A»eon-pereon,  which  is  characteristic  of 
the  genus  Leucosolenia,*  consists  of  a  cup-  or 
vase-shaped  animal  attached  by  one  end,  and 
presenting  at  the  other  an  opening — the  oscu- 
lum.  The  walls  are  thin,  and  consist  of  ectoderm 
outside,  flagellated  endoderm  inside,  hning  the 
cavity  of  the  cup,  and  thin  mesoderm,  containing 
triradiate  calcareous  spicules,  between  the  two. 
They  arc  further  pierced  by  numerous  pores, 
the  proeopylM. 

In  the  Sycan-^person  (Fig.  65),  which  is 
characteristic  of  the  Heteroecela,  there  is  a  tube 
or  cup  open  by  the  osculum  at  one  end  and 
attached  at  the  other.  This  tube  is  lined  by 
flat  cells,  and  gives  off  aU  around  and  through-  ^"ht^I^^m]!! 
out  its  length  numerous  short  diverticula  lined 
by  flagellated  cells.  These  are  the  mdial  flagellated  chambera: 
they  possess,  in  addition  to  the  one  main  opening  into  the  cavity  of 
the  central  tube,  which  we  may  call  the  gastric  cavity,  numerous 
minute  pores — the  pi-osopyles — through  which  water  passes  from  the 
exterior  into  the  flagellated  chamters.  These  radial  tubes,  in  short, 
resemble  an  Ascon  in  structure,  except  for  the  absence  of  an  osculum 
at  their  free  end.  In  the  simplest  HeterorvJa  the  radial  chambers 
stand  out  freely  from  the  central  tube,  and  do  not  touch  at  any 

*  This  genus  compriBes  AtrxUa  primimlialia  nnd  all  Uaeckel'B  Ascons.  The 
OtgiUhvs  is  a  hypotliotical  animal  imagined  by  Haeckel,  sad  closely  approaching 
the  Aacon-penon  in  Conn. 


la.  a.  —  LanjItiidlBSl 
Mctlon  throngh  Sfeci* 
ropkaBU,  allttbtlynug- 
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point  (Sj/TPfta).  But  in  tlie  more  complex  forms  the  valb  of 
adjacent  cliamlvera  fuw  more  or  lewi  coinpletelj'  wliere  they  touch, 
anil  tlie  H|iaccH  Iwtwenii  tliem  ure  broken  up  and  called  tlie  itihaleat 
/•analu  or  inti'rranal*.  These  intercanola  ojwn  by  the  prosopjlw 
into  the  chnmliers,  and  outiranls  un  the  surface  of  the  sponge 
(Hijfon).  In  still  more  complex  fonna  the  outer  ends  of  the 
chomlwi'H  and  the  opuuingH  of  the  inteicanale  are  covered  b;  a 
meiiiliranc  called  the  itemial  meiiihrane  or  cortex.  This  cortex  is 
l)erf(irat<'d  by  numerous  pores — the  ilermai  port* — (to  be  dis- 
tinguished from  tlio   prosopyleii)  which   lead  into  the   intercanak 


(dranfia,  Ufe,  tfyryxna,  Hvferojieifina,  ^wyifcoct'wtw,  etc.).  In  this 
ty|K!  the  fliiimliors  may  bniiich,  iind  the  dermal  cortex  may  attain 
a  cunHidcniMe  thickness,  a»  also  may  tli<!  wall  of  the  central  tube 
(giiftrid  eiirtt'x).  A  fm'tlier  I'oniplic-ntion  is  effected  by  tlie  retreat 
of  the  ftagt'llatt.'il  cells  tou-anls  the  distal  (outer)  ends  of  the 
i-bamliers,  tbidr  jilaee  Iieiiig  taken  by  jKivcment  epitlieliura.  We 
thus  ffii  exhalKut  eattah  coming  off  from  the  (jiastral  cavity  and  lined 
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by  flat  cells,  together  with  a  reduction  in  length  of  the  flagellated 
chambeTB  (LeueiUa  uier,  Leucandra  atpera,  etc.).  Finally  the 
chambers  are  smaU  and  spherical  and  irregularly  scattered  through 
the  sponge-wall;  the  inhalent  and  exhalent  canals  being  much 
developed.  This  is  the  Leucon  stage  of  Haeckel  and  is  found  in 
Leucandra,  Leueilla,  etc.  In  the  non-calcareous  sponges  the  canal- 
system  is  generally  on  a  somewhat  diflerent  plan.  The  simplest 
fonn  is  the  so-called  Khagon  type  (Fig.  66)  found  in  the  embryos  of 
certain  forms  (Plakina,  Reniera).  The  Rhagon  has  the  form  of  a 
flattened  pyramid,  attached  by  ttfi  broad  bose  and  opening  by  the 
oeculum  at  its  apex.  The  sac  is  lined  by  flat  cells,  but  possesses 
on  its  upper  wall  a  number  of  small  flagellated  chambers  into  which 
the  prosopyles  open.     The  lower  basal  wall  of  the  Ehagon,  which  is 


— DUgrun  abOKli 
I  fbid  of  tbi 
at  lutialmt  por 


without  flagellated  chambers,  b  caOed  the  hypopkare,  and  the  upper 
wall,  with  the  chambers,  the  epongopTiare.  The  openings  of  the 
chambeis  into  the  gastric  cavity  of  the  Rhagon  are  called  the 
apojn/les.  The  Rhagon  condition  is  not  found  in  any  adult  sponge, 
but  the  nearest  approach  to  it  is  presented  by  Plakitia  mimdl&pha 
and  Oteareila  loinUarie,  in  which  the  spongophaie  is  folded,  so  as 
to  give  rise  to  ineurrent  eimisee  or  canals  similar  to  the  intercanals 
of  the  Calearea  {Fig.  66,  2). 

As  a  result  of  this  same  folding  the  chambers  open,  not  into  the 
central  or  gastral  cavity,  but  into  diverticula  of  it.  These  diverticnla 
are  the  exeKrreni  sinugeg.  We  thus  get  a  modiflcation  of  the  Rhagon 
canal-eystem  called  the  Eoiyprlona  type.  As  a  general  rule  in  the 
Euiypylous  type,  there  is  concrescence  between  the  folds  of  the 
spongophare,  and  the  openings  of  the  ineurrent  sinuses  are  roofed 
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over  by  a  membrane  (Fig.  67,  /)  which  is  exactly  comparable  to 
the  denmil  cortex  of  the  Calcarea^  and  is  pierced  by  inhalent  pores 
leading  into  the  incurrent  sumses.  (Figs.  67,  68.)  This  membrane 
is  called  the  ectosonte,  as  opposed  to  the  rest  of  the  six>nge,  which 
contains  the  chambers  and  is  called  the  cTioanosonie;  and  the 
incurrent  sinuses  l)cncath  it  constitute  the  subdcrmal  cavities,  which, 
as  is  obvious,  corres|K)nd  to  the  intercanals  of  the  Calcarea.  By 
further  folding  of  the  s|X)ngopliare  and  suppression  of  chambers  on 
the  main  excurrent  sinuses  an  increase  in  complexity  is  obtained. 

In  the  Eurypylous  type  the  chambers  open  directly  into  the 
excurrent  sinuses;  but  in  many  sponges  they  are  removed  from 
the  surface  of  the  latter,  and  the  apopyle  of  each  of  them  is  pro- 
longed into  a  canaliculus — tlie  aphcnlus — lined  by  a  prolongation  of 
the  epithelium  of  the  excurrent  sinus  into  which  it  opens.     Further, 


> 


Fio.  68.— Ditgrani  of  a  section  ot  the  outer  part  oi  TetUJa  pedijera  (after  Sollas,  ttom  PerrlerX 
C  choanoBome ;  E  ectosome ;  i  Incorrent  siimii ;  r  flagellated  chamber ;  g  excurrent  ainoa. 

there  is  only  one  pi*08opyle  to  each  chamber.     This  is  the  Aphodal 
modification  of  the  Rhagon  type  (StefJetifJa^y  GeoiHnuJue^  etc). 

Finally  there  is  the  Diplodal  cliamber  system  (Fig.  69),  in  which 
there  is  a  canaliculus  leading  to  the  prosopyle  of  each  chamber — 
the  prosofliis — as  well  as  an  apTuxlus  leading  from  it  {ChondrosinOj 
Coiiicium  caiuhlahi^umy  etc.). 

In  Eurypylous  sponges  the  ectosome  never  attains  any  special  development ; 
but  in  other  types  it  becomes  greatly  thickened  and  histologically  differentiated, 
and  is  called  the  eortez.  In  such  cases  the  tubes  leading  through  the  cortex 
from  the  sieve-pores  to  the  subcortical  (subdermal)  cavities  are  called  ehonM, 
and  are  provided  at  some  part  of  their  course  with  a  muscular  sphincter,  the 
velum.  The  inhalent  (mres  may  be  diffuse  or  collected  into  jwre-areas  forming 
the  so-called  sieve-plates. 

Histology.  Tliere  is  but  little  to  add  to  the  statements  in  the 
general  account.  The  most  remarkable  feature  is  the  flagellated 
cells  or  choanocytes.     They  are  larger  in  the  Calcarea  than  in  most 


other   sponges.      They  present   the  feature  of   projecting  into  the 
chambera  without  contact  with  their  neighboiira. 


It  wu  suppcnod  tbnt  in  life  their  collars 
oollars  of  neighbouring  cells  sad  lor 
cbaraber ;  but  this  has  beeo  abowu  to  be  a  post- 


everted  BO  u  to  tonch  the 
tbia  tnembnuie  lining  the 
im  phenomenon. 

The  mesoderm  cuntainB  many  tissue  eiemente  which  are  all  coa- 
nected  t<^theT,  and  are  embedded  in  a  kind  of  gelatinous  basis. 

To  revert  to  the  Ungnage  of  the  cell  theorj,  those  cells  of  this  lissne,  to 
which  no  special  function  can  be  asaigned— «uch  u  reprodnction,  contnctiDn, 
skeletal  formattou — vary  somewhat  in  their  arrangement,  and  so  give  rise  to 
different  forma  of  metodarm ;  me  may  mention  Collendtymt  with  scattered  BtelUta 
cells  :  Sareenehyme  gelatinons  basis  reduced,  and  grannlar  cells  closely  packed  ; 
CytUndtyme  nith  vesicular  vacuolate  cells  close  together  or  separated  by  a 
matrix     Chotidrmdiyme  like  hyahne  cartilage 

There  are  also  pigment  cells,  fusiform  connective  tissue  cells   mnscle  cells  as 
granular  fusiform  atWa  round  the 
openings  of  the  n&ter  canals 

Spicules  originate  m  one  celt  or 
more  than  one  eel!  may  be  asao 
ctated  ID  their  production  (iMhu- 
fida)  It  has  been  recently  stated 
that  three  cells  are  concerned  in 
the  fomiatlon  of  the  tnradiate 
spicules  of  the  Calmrta  and  that 
they  are  derived  from  the  ectoderm 
(Mmchm) 

The  ectoderm  is  comixeed 
of  flattened  cells,  though  the 
cell  hmits  are  not  alwaja  ilia- 
cemible.  In  some  aponges  at 
least  the  cells  of  the  ectoderm 
seem  to  be  capable  of  assum- 
ing, when  contracted,  a  mush- 
room shape. 

The  ingestion*  of  food  and  foreign  bodies  by  sponges  is  effected  by 
the  collared  cells,  and  probably  also  by  the  flat  cells  of  the  inhalent 
and  exlialent  canals,  and  of  the  surface  ectoderm  of  the  body.  From 
these  the  solid  bodies  pass  into  the  subjacent  mesoderm  cells,  this 
transit  being  .probably  efiected  by  protoplasmic  flow  along  the  strands 
connecting  the  surface  epitbelia  with  the  subjacent  tissues,  in  very 
much  the  same  manner  as  food  passes  along  tlie  pseudopodial  network 

*  Vide  £.  MetachnikolT,  " Spongiologische  Studien."  Z.  f.  to.  Z.,  Bd.  ixiii. 
p.  372.  A.  Dendj,  "Studies  on  the  Comparative  Anatomy  of  Sponges." 
Q.  J.  il.  S.,  vol  ixxv.  p.  216. 


P.  B.  Bch.X     Gk  fligallited  ctuinbei,  wlUi 
proKdiu  leadlDg  to  It  *Dd  apJhodiu  tnna  It. 
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into  the  body  of  a  Foraminiferan.  But  although  the  choanocytes 
may  have  this  ingestive  capacity,  their  main  function  is  probably  to 
cause  currents  through  the  canal  system. 

The  question  of  the  ingestion  of  solid  food  by  sponges  has  been  much  disputed. 
There  can  be  no  doubt  that  solid  bodies  are  introduced  into  the  mesoderm  cells, 
for  apart  from  the  fact  that  foreign  bodies  such  as  sand-grains,  etc.  are  found  in 
the  mesoderm  cells  and  spongin  fibres  of  many  sponges,  Metschnikoff  and 
other  observers  have  found  carmine  particles  in  carmine-fed  sponges.  It  is  not, 
however,  certain  that  the  flat  epithelia  co-operate  with  the  choanocytes  in  this 
introduction.  Metschnikoff  {loc.  cU.,  p.  372)  states  that  Balisarca,  when 
overfed  with  carmine,  loses  its  canals  and  becomes  a  mass  of  amoeboid  cells 
containing  swallowed  matter  and  surrounded  by  a  common  envelope  of  ectoderm. 
The  same  fact  has  been  observed  by  LieberkUhn*  in  Spaiigilla  in  winter.  From 
these  observations,  and  others  by  Haeckel  and  Carter,  it  appears  that  under 
certain  nutritive  conditions  the  choanocytes  may  lose  their  flagella  and  collars 
(according  to  Topsent  and  others  these  structures  are  retractile  like  the  pseudo- 
pods  of  an  Amoeba)  and  become  amoeboid,  and  the  whole  sponge  may  revert  to 
the  condition  of  the  larva  of  Aplytina  (F.  £.  Schulze,  Z,  /.  w.  Z,  xxx.  PL  24, 
Fig.  30),  of  a  protoplasmic  network  ^ith  nuclei  at  the  nodes  surrounded  by 
a  cortical  layer  of  ectoderm. 

The  collared  cells  aro  thus  inconstant,  and  appear  to  be  merely  parenchyma 
cells  specially  modified  and  capable,  under  certain  nutritive  conditions,  of  passing 
back  to  their  original  form.  When  they  vanish  the  canal  system  also  goes,  and 
the  sponge  l>ecomes  solid  so  far  as  the  latter  is  concerned.  Inasmuch  as  the 
parenchyma  cells  and  the  ectoderm  cells  are  all  connected  by  their  processes 
(except  in  the  cases  in  which  they  break  away  and  become  amoeboid),  it  is  clear 
that  the  sponge  in  this  condition,  and  in  the  case  of  Schulze's  larva  already 
referred  to,  is  but  little  more  than  a  multinucleated  Protozoon,  differing  from 
the  latter  in  the  greater  development  of  the  vacuoles  of  the  central  portions,  and 
in  the  presence  of  a  distinct  cortical  layer  of  nuclei. 

Skeleton.  Skeletal  structures  are  found  in  almost  all  sponges 
(absent  in  certain  HexacercUina  and  Camosa\  and  are  of  considerable 
importance  in  the  classification.  They  may  consist  of  calcareous 
spicules,  of  silicious  spicules,  or  of  spongin.  Spongin  is  a  horny 
substance,  resembling  silk  in  chemical  composition.  It  is  usually 
found  in  the  form  of  fibres  connecting  together  the  silicious  spicules 
(many  M(maxonula\  or  forming  the  entire  skeleton  (Cerafosa).  In 
a  few  cases  it  is  present  as  separate  homy  spicules  (Danmiella). 
In  the  CercUosa,  and  probably  in  other  sponges,  it  is  secreted  in 
concentric  layers  by  a  number  of  mesodermal  cells,  called  spongoblasts, 
which  are  found  coating  the  fibres  (Fig.  70).  In  some  cases  the  fibres 
enclose  foreign  bodies,  such  as  sand  grains.  In  the  Mariaxonida  the 
amount  of  spongin  present  is,  roughly  speaking,  inversely  propor- 
tional to  the  numl)er  of  spicules,  and  there  are  all  variations  between 

♦  '^Beitrage  zur  Entw.  d.  Spongillen."    MiUler^s  Arch,,  1856. 
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fonns  with  no  spongin  and  forms  with  no  spicules  in  the  spongiu 
fibres  {Cfrafoaa).  Which  is  the  primitive  condition — if  either  is — 
it  is  impoesible  to  say.  The  Ceraioea  are  an  artificial  order,  ite 
funihee  being  related  to  different  famihes  of  the  I{alic}umdrina. 
It  may,  indeed,  be  looked  upon  as  an  assemblage  of  haUchondrine 
forms,  in  which  the  reduction  of  silica  and  development  of  epongin 
have  reached  their  extreme  limits.  The  calcareous  and  sihcious 
qncoles  are  secreted  in  the  protoplasm  of  the  mesodermal  network ; 
Sderoblaat  is  the  term  applied  to  the  special  uninucleated  part  of 
the  network  in  which  they  arise.  They  consist  of  an  organic  axis 
which  is  generally  continuous  through  the  points  of  the  spicules 
with  the  adjacent  organic  structures,  and  of  an  orgamc  sheath  which 
is  presumably  a  remnant  of  the  jmrent 
tderoblast.     The  silicious  spicules  are  ^ 

formed  of  opal  {colloid  silica). 

The  spicules  are  of  two  kinds — the 
large  spicules  or  tnegascleres  (essential 
spicules  of  Bowerbank,  skeletal  spic- 
ules of  Carter),  and  the  small  spicules 
or  microteleres  (auxihaiy  spicules  of 
Bowerbank,  flesh  spicules  of  Carter). 
The  megascleres  (Figs.  71,  72,  and 
78)  are  embedded  in  spongin  fibres 
which  may  be  either  reticulate  or 
radiating  in  arrangement ;  oi  if  there 
is  no  spongin,  they  are  held  together 
by  strong  connective  tissue  bands. 
In  addition  there  is  usually  a  number 
of  megascleres  scattered  irregularly 
through  the  tissues.  In  the  Lilhidida  the  spicules  which  are  called 
detmat  are  articulated  together  so  as  to  form  a  network.  The  micro- 
tcleres  (Fig.  73),  which  are  not  really  sharply  distinguishable  from  the 
megascleres — for  the  two  pass  into  one  another — do  not,  as  a  rule, 
take  part  in  forming  the  supporting  skeleton ;  they  are  embedded  in 
the  mesoderm  and  sometimes  project  into  the  canals.  The  spicules 
near  the  surface  of  the  body  are  often  differently  arranged  to  those 
of  the  main  skeleton.  It  is  well  known  that  some  sponges  shed 
an  immense  number  of  spicules ;  and  it  appeara  that  in  many  cases 
flie  spicules  are  continually  being  moved  towards  the  surface,  where 
they  are  cast  off,  luid  replaced  by  spicules  formed  in  the  centml 
parts  of  the  sponge. 
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The  spicules  of  sponges  in  the  diversity,  symmetry,  and  intricacy 
of  their  form,  in  the  perfection  and  finish  of  tlieir  architecture, 
constitute  some  of  the  most  astonishing  objects  in  natural  history. 
In  view  of  them  it  is  im})ossible  to  regard  sponges  as  low  in  the 
scale  of  evolution :  such  finish  and  such  i)erfection  of  structure  can 
only  have  been  reached  as  the  result  of  a  long  })rocess  of  evolutionary 
changes.  While  it  is  pretty  clear  that  the  main  function  of  the 
skeletal  structures  is  the  supiK)rt  and  protection  of  the  sponge  lx)dy, 
it  is  by  no  means  easy  to  give  explanations  of  the  diversity  and 
complexity  of  fonn  which  they  present.  The  form  of  the  megascleres 
is  probably  connected  with  the  form  of  the  canal  system,  with  which 
they  are  in  relation  (F.  E.  Schulze);  but  the  form  and  even  the 

existence  of  the  micro- 
sclei'es  defies  any  i*eason- 
able  exj^lanation.  By  some 
spongologists  the  small 
si)icules  are  regarded  as 
functionloss,  and  as  having 
on  tliat  account  a  greater 
value  for  classificatory  pur- 
jwses.     However  this  may 

Fio.  71.— Calcareoua  spicules  (triods)  of  5yco/i,  }yQ^    ^{[l    classes    of    skeletal 

structures    are   utilised    in 

classificivtion,  and  although  no  single  character  is  by  itself  of  much 

use  for  this  purpose,  the  form  of  the  microscleres  is  perha})s  as 

important  as  the  form  of  the  megascleres. 

It  is  therefore  necessary  to  consider  in  some  detail  the  forms  of 

sponge  spicules. 

ICEaASCLEBES. 

There  are  five  principal  kinds  of  megascleres :  (1)  Monaxons — rod -like  megas- 
cleres; (2)  Tetraxons — megascleres  witli  four  axes,  i>roceeding  from  a  centra] 
point,  with  four  rays ;  (8)  ^I'riaxons — megascleres  with  three  axes  crossing  at  right 
angles,  with  six  rays  ;  (4)  Polyaxotis^megBoclevea  with  several  axes  ;  (5)  Spheres 
— megascleres  in  which  growth  is  concentric  about  the  origin. 

Each  of  these  classes  contains  many  varieties,  the  most  im{K)rtant  of  which 
must  be  dealt  with. 

I.  MonAXom,  megascleres  in  which  growth  is  directed  from  a  single  origin  in 
one  or  both  directions  along  a  single  axis.  The  ray  or  rays  of  a  nionaxon  are 
called  actines, 

1.  Bhabdm,  growth  proceeds  in  both  directions  along  the  axis  —  hence 
diaclinc     The  principal  varieties  of  Bliabdus  are  as  follows : — 

With  similar  ends: 

a.  Oxea — needle-shaped,  }X)inted  at  both  ends  (Fig.  72,  7). 

b.  TomoU — abruptly  pointed  at  each  end  {8), 
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c.  Stronjyfa— Tonnded  at  each  end  (9), 

il.  Tylole—kaoh-like  thickeatng  at  eocli  end  (10). 

With  dinimilar  ends : 

B.  Stronglt-oxea — oxeate  externally. 

f.  TyUteita  „  „  (Fig.  72,  IS). 

g.  OiryttTimgyU        „       intemally. 

b.  OxylyloU  „  „  (Fig.  72,  Jl). 

L    Orpcbff— externally  ends  in  two  or  more  Becondary  actincs  or  Olkdi. 

k.  iSlronjirJoe/iuJ — ectactiue  cladoae. 

1.    Tyioclad 

Tho  two  latter  have  generally  three  cladt,  in  uhicli  case  ire  have  the  character- 
iltic  spicule  of  the  TttraHineliida,  the  TtUmm. 

The  Trfasne  conaiats  of  tlie  rhabdome,  or  shaft,  and  the  cladomt,  whicli  conaists 
of  the  three  cladi,  a  straight  lice  joining  the  ends  of  the  two  cladi  ia  the  Aord. 
The  lagiUa  ia  a  perpendicular  from  the  origin  of  the  cladome  to  the  chord. 


nillida  Bpd  of  Ui8  7-«mc(tiwHWn.     1 

pURiotriKMi 

,  dlclLutrisnc;  ?,  Diwi  B.  Umiate;  3. 

»trobgjl«;  10, 

W,  style;  14,  W,M,d*siiiM(anefBollij 

from  Perrler). 

Varietdea  of  Tritene : 

a,  AnalTtvae  (anchor) — cladi  directed  backwards  (Fig.  72,  3,  5). 

b.  PnHriant  [Yin.  7i,  S,  6),\ 

,..   W„,w^„;,«^  (FiK   72.  1)  1='**''  directed  forwards  at  different 

«(r<g. /i,  J,,  f     the  rhabdome. 


angles  with 


d.  OrAotriixne 

t.  iKcAcfrizTM— ckdi  dichotonious  (Fig.  72,  i). 

t.   TriehotriteHe — cladi  trifurcate. 

g.  FJij/Uotrucne — with  laniellar  cladi,  found  only  in  Lilhittida. 

h.  Ditaitriane~^\adonie  is  a  disc  iu  which  the  separate  cladi  are  not  dis- 
tinguishable ;  only  in  Lithislula. 
i.   Ampkilrkrnt — both  ends  of  rliabdome  end  in  a  triiene. 
k.  Cmtmtriaiu — the  cladi  arise  fWim  the  centre  of  the  rhabdome. 


2.    Stylni,  growth   proceeds  along  tlie  aiia  in   one  direction  only — hei 


a.  SlgU — strangflote  at  origin  {Fig.  72,  IS). 

b.  Tylotli/lt — Ijlotc  at  origin. 

DnnuM  (Fig.  72,  14,  15,  16)  are  megBBclerea  n-hich  form  the  skeletal  netvc 
of  the  LUhulida.  They  are  nsually  formed  bj  the  deposition  of  euccessi 
layers  of  silica  upon  an  ordinary  apicale— ttie  crrpia— the  axial  rod  of  whi 
is  arrested  in  devclopmc] 
When  the  crepia  is  a  n 
Daton  we  get  a  rfta&iocrq 
dtmui,  and  when  a  tretrax 
the   desma  is  called   leli 

II.  TstrazDU  are  inej 
scleres  with  four  actii 
inclined  at  ati  angle 
about  110°  to  one  anothi 
Growth  proceeds  in  0 
direction  only  along  ea 
of  the  four  axes.  There  ( 
two  kinds:  (a)theiwMroj 
when  all  four  actines  i 
preeent ;  and  (1.)  tlie  (i-i 
(Fig,  71),  when  one  aoti 
is  suppressed,  the  remaini 
three  lying  iu  one  plat 
The  triod  is  characteris 
of  the  catcareouB  8]>ougeB 

III.  Tlie  Tri«z<mi  (F: 
7S)  are  megascleres  with  i 
actines,  consisting  ty]iical 
of  a  system  of  three  eqi 

■  ■•■?•;■  ■"•'  "!"*  '■     „,  ht.™ca,g  ,1  Hg 

«;  1,  i,  r,  lignuu;  C,  iiiliro-  ™  ^  = 

cu  ■Ijuui  »id  mfemtrioel ;  9,  angles.    They  are  chsract 
ton;  10,  (idiuU;  II,  iiilcmitningyle  1  It,  npLrastei 
IS,  anphiaiter ;  1(,  nwlHteri  IS,  IS,  plnlisUr;  ) 

ehlaster  1  m,  iplnater ;  19,  Miniilsatcr  1  M,  ■nUiuttr ;  acleres    wi'tli 
SI,  mIcToiH ;  ff ,  oxjuter  i  ta,  mLcrorH ;  ii,  mten>.  . . 

triod;  IS,  orthodnwiui;  tc.  iiionolophuas  mlcrocsl-  proceeding  from  a  centre 
t]iro[H;    17,   JilophoUB   mlenxalUiropa ;    !S.   simple  V.     Sphere!    are     me) 

niicrocallhmps ;    19,  tlim^tKi   stettMter;   »,  trilo-  sclercs  in  which  growth 

^ou8n)ioroc«lUirop«:J/ letial<.ph..a«iiilcrocalthroi«;  concentric  round  a  cent 
at,  npfaerastei :  ai,  eentmtylate :  31,  ■temiter ;  35,  ,    . 

candeUbniin  ;  K,  pycnuler ;  3!,  mleiosCraiigyle.  l>omt. 

nCBOBCLSSES. 

Hicroscleres  (auxiliary  spicules  of  Bon-erbank,  llesh  spicules  of  Carter)  ate 
two  chief  kinds  (Fig.  73). 

1.  Ipirei  are  luicrosclerea  with  a  spiral  twist  There  are  many  varieties, 
which  ne  may  mention  : 

a.  Sigma>pirc—A  C-  or  S.shapcd  spicule  according  to  the  aspect  (f,  S). 

b.  Sigma — a  C-shape<1  spicule,  not  spirally  twisted  (5,  6,  7). 
0.   Toxa — a  bow-shaped  spicule,  not  spirally  twisted  (9), 
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d.  Chtla — a  more  or  less  curved  shsft,  bearing  >t  each  end  n  variable  Dumber 
of  recurved  procegse«. 

2.  Aitui  are  multiactiuate  microBclfres.  There  are  two  chief  kinda ;  (A) 
atlen  or  tuaileri,  iu  which  the  actinen  proceed  from  a.  centre,  and  (B)  strtpt- 
atlirrt,  in  wliich  tiie  actines  proceed  from  au  a^iia  which  is  uauallj  spiral. 

A.  SuftCtBTi  are  in  ntanj  varietlee  ;  hut  of  these  we  nerd  only  note  tho 
Oemater,  in  which  the  actines  are  numerous  aiid  aoldered  toRether  bj  auh- 
nqnentlj  deposited  silica,  nhicli  eitenils  almost  as  far  at  their  extremities  {S9). 
Other  varieties  are  the  ckiaiter  (17),  the  pyauuUr  (36),  the  ozyasUr  [Si),  and 
the  iphenater  {Si). 


uni;  b,  Mage 

irge  ilark  gn 

IMmed  ot  Ions  ellUtal  celli,  lh«  otlier  («lodcni»l)  of  larg>  gnuuUr  cell, 

B.  The  Strsptaatsn  are  abo  various.  There  are  the  ipiratter  {IS),  the 
tHtta^er  [U),  the  pUsiasUr  {IS,  16),  the  aanidaater  (29),  and  the  ainiAiaseer  {IS). 
In  the  amphiaater  the  actines  fonn  a  whorl  at  each  end  of  thu  axis,  which  is 

C.  Sedae«d  Mt«r«,  in  which  the  actings  are  few  and  variable.  Thus  wo  get 
nicrorAoMs,  mierocoMropj  {S6-S1),  iidcrotTiuds  {24).  There  are  several  varieties 
of  the  microcaUhrojis  dejicudiug  on  the  branching  uf  some  of  the  aetinea. 
Thtw  there  ie  the  iiwnohp}LOUs  micnxallhropii  {SG)  with  one  tladoae  (branched) 
actine,  the  dilopliout  (27),  Irilophoua  {SO),  and  tctrnlophuus  {31)  mierocalOiropt 
witll  two,  three,  and  four  cladose  actiues.   The  caiuUlabrum  {SS)  is  a  teCnilophoua 
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microcalthrops,  in  irhich  one  octine  diflers  from  tlie  three  others,  vbich  > 
Biniilsr  to  oue  another.     The  IxKillti*  of  Carter  is  a  tnicrostrongyle. 

fihaphidai  are  lotig  hair-like  laicroscleres  not  in  BJieaveB. 

Dragnuu  are  niicrouleres,  several  of  nhich  are  secreted  in  a  single  cell 
■cleroblast.     They  lie  in  sheaves. 

Xriehodal  is  a  term  applied  to  any  hair-like  spicule. 

Sexual  rettrodnction  wtut  first  demonstrated  with  certainty  t 
Lieberkiihn  for  Sjxmyilla,  but  more  receatly  has  been  shown 
exist  throughout  tl 
group.  In  most  ca» 
the  ova  and  sperm 
tozoa  seem  to  real 
maturity  at  differei 
times  in  the  san 
sponge.  Tlie  sperm 
tozoa  have  a  sou 
head,  and  lie  in  sma 
spaces  lined  wit 
cells.  The  ova,  lil 
the  mother  -  cells  i 
the  siicmiatozuo,  a: 
modified  cells  of  tl 
mesoderm.  Tliey  a: 
naked  amoeboid  cell 
and  are  fertilised  ai 
undergo  their  fir 
development  in  tl 
mesoderm.  The 
leave  the  sponge  by  jNuising  into  the  canal -system  as  ciliatt 
larrte,  which  after  a  brief  free-swimming  life  attach  themselves  an 
develop  into  a  yoiing  sjionge. 

An  invaginato  gastnila  is  somotiiiiea  formed  {Syam_  Otcartlla,  Fig.  78),  i 
which  Base  it  ia  observed  that  the  Siionge- larva  attaclies  itself  liy  the  blastopo 
surface,  and  develops  the  osculum  aa  a  new  formation.  In  other  canes  a  sol: 
morula  ia  formed.  The  recent  iin|«)rtttnt  researches  of  Delago*  have  shown  thi 
th«  mode  of  developnieut  first  revealed  by  tlie  researches  of  F.  E.  Schuize  in  tl 
Cakarea  is  found  througliont  the  group.  According  to  the  results  of  tha 
observers  it  apjiears  that  the  locomotive  cells  of  the  larva,  which  are  the  fir 
differentiated  tissues  (Fig.  74«),  licconie  iut«mal  and  transformed  into  tl 
flagellated  cells  of  the  endodenii,  while  the  other  cells,  more  or  less  indifferei 
in  the  larva,  become  trausfornied  into  the  ectoderm  and  mesoderm  of  the  adul 

AHzaal  reprodnctian  is  found  throughout  the  Porifera.    Tlie  presence  < 

•  "Emhryogeniedes  Kpoiiges  etc"    Arch.  Zool.  trptr.ttgin.    Tom.  i.,  I8B! 
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mora  tlian  one  osculum  U  ortcD  regarded  aa  a  case  of  iocomplete  budding. 
Mora  nDequivocal  cases  are,  howerer,  furnished  by  t)i«  external  budding  found 
in  Thenea,  Tilkya,  Lo^UKalyz,  Polynuutia,  Otcarella,  etc.,  and  the  internal 
budding,  known  as  the  formatioii  of  gcmmulei,  found  in  freeh-water  and  in  some 
marine  sjunges  (Topaent).  Gemmules  are  niassea  of  parenchyma  cells  containing 
yolk  grains  and  surrounded  by  a  ghell  compoeed  of  a  thick  cuticular  layer,  to 
which  ailicious  structures  are  often  added.  The  shell  possesses  an  apertur*  or 
nicnipyle,  and  the  vhole  sh'uctureis  te  be  regarded  as  a  portion  of  the  mesoderm 
ont  off  from  the  rat  of  the  sponge.  In  SpongiOa  the  shell  contains  the 
eharacteristio  siacules  known  as  amphidiscs  {Fig.  78,  9). 

That  the  power  of  asexual  increase  and  repair  of  lost  parts  is  probably  a 
widespread  phenomenon  in  the  group  is  indicated  by  the  fact  that  sponges  can 
be  propagated  by  artificial  Sssion.  It  has  been  attempted,  with  b  certain  amount 
of  Eocctss,  to  utilise  this  property  for  the  parpose  of  increasing  the  number  of 


Ph.  rB..-B*cldo>ii  through  Uirse  eUgu  ot  tbt  developmmt  ot  HoUkiti 
(after  C.  Hslder).  s.  gutrulKaner  ita  DutlDDi  b,  formation  of  m« 
of  the  oscuIqiq  (Oft),  and  of  the  Aa^llited  chamben;  E,  lEihsleot  pc 


lorm ;  e.  dftvelopmut 


marketable  sponges  in  the  Mediterranean  and  in  other  Bponge-growinfi  seas. 
The  marketable  sponges  belong  to  the  species  Eutponffia  offieinalit,  the  Turkey 
or  Levant  sponge;  Hippo^ongia  equina,  the  horse  sponge;  and  Eiapongia 
timoaa,  the  zimoccs  sponge.  They  occur  all  along  the  Mediten-auean  coast  to 
a  depth  of  200  fathoms,  and  in  many  other  parts  of  the  world.  The  sand  found 
in  new  sponges  is  an  adulteration  to  increase  the  weight. 

Sponges  nro  found  all  over  the  world  and  at  all  depths  of  the 
ocean.  One  family  only  (SponffiUida)  is  found  in  freah-water.  Tha 
Tetraetinellula  are  found  in  deep  and  shallow  ■water;  hut  when  in 
deep  water,  generally  near  land.  The  Moneuonida,  which  comprise 
by  far  the  greatest  number  of  living  sponges,  also  cling  to  the  land ; 
while  the  ffexacHnellida,  though  found  in  the  middle  of  the  great 
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oceans,  are  more  numerous  near  the  land.  The  Hexnctinellida  are 
mainly  deep-water  forms,  the  characteristic  deptli  being  l)etween 
200  and  1000  fathoms.  For  the  Tefractinellufa  tlie  characteristic 
depth  is  50  to  200  fathoms,  though  they  are  also  found  in  shallow 
water.  The  Calcarea  and  Cerafosa  are  mainly  shallow-water  forms 
(to  a  depth  of  200  fathoms).  The  Monajconiila^  though  character- 
istically inhabitants  of  shallow  water,  are  found  in  considerable 
numbers  at  all  depths.  The  deep-sea  Monaxoniila  are  distinguished 
by  their  symmetrical  and  definite  shapes. 

All  spongologists  agree  as  to  the  immense  difficulty  of  classifying 
sponges.  Not  only  are  the  boundaries  of  the  great  groups  difficult 
to  lay  down,  but  the  limits  of  si>ecies,  and  even  of  genera,  often 
defy  definition.  Almost  all  characters  ai*e  highly  variable,  and  the 
number  of  intermediate  forms  and  of  collateral  affinities  is  immense. 
On  the  whole  we  may  distinguish  three  main  tyi)es,  which  we  shall 
exalt  to  tlie  dignity  of  classes — not  because  they  deserve  that  rank, 
for  they  do  not;  but  because  the  term  fits  in  more  conveniently 
with  the  terminology  generally  used  for  the  group.  The  three 
classes  are  as  follows : — 

Calcarea.     With  calcareous  spicules  and  large  choanocytes. 

Order  1.     Calcarea. 

Triaxonia.  With  triaxonic  (sex-radiate)  spicules  and  large  flagel- 
lated chambers. 

Order  2.     HexactineUida, 

„      3.     Hexaceratina, 

Demospongia.  Without  triaxonic  spicules;  with  small  choano- 
cytes and  ciliated  chambers ;  skeleton  of  silicious  spicules  or  spongin, 

or  both  combined. 

Order  4.     TefracHneUida, 

„      5.     Caniosa. 

„      6.     Monaxontda. 

„      7.     Ceratina, 

Wliile  these  groups  stand  out  fairly  sharply,  their  division  into 
sup-groups,  or  orders,  as  we  must  call  them,  is  fraught  with  some 
difficulty.  This  is  particularly  the  case  with  the  Demospongice, 
which  include  the  great  majority  of  living  sixDnges. 

The  sub-divisious  of  the  Demospongiae  must  be  regarde«i  as  entirely  artificial, 
and  only  to  be  established  for  the  convenience  of  the  student.  The  four  orders 
into  which  we  have  divided  the  class  arc  by  no  means  sharply  marked  off  from 
one  another,  nor  do  they  fonn  a  single  series,  but  rather  three  or  four  series 
running  parallel  to  one  another,  and  connected  together  at  several  points.     In 


ttct,  if  ne  bad  to  aet  Cortli  in  &  pictorial  manner  the  true  aflinities  of  the 
bmilie!!  of  this  sub-cltus,  we  should  be  obliged  to  use  a  netv^ork  or,  better  still, 
a  ipongework,  ratlier  than  a  tree  or  a  line,  because  ao  many  of  the  families 
pnaeat  affinitiei  of  apjiatantlj  equal  importance  in  more  than  one  direction. 
And  this  appliee  with  equal  force  to  genera  and  apecivs.  If  this  view  of  a 
nticular  arrangement  rather  than  that  of  a  tree  arrangement  were  generally 
held,  we  feel  assured  that  a  good  nianj  of  tlic  difliculties  of  ajrange  classification 
would  be  disposed  of.    It  is  the  genealogical  tree  idea  which  makea  the  difficult;. 

Foaail  sponges  are  found  in  various  formations,  e.g.,  in  the  chalk, 
and  these  remains  appear  to  diflfer  considerably  from  those  now 
living.  The  Hexaelindlida,  however,  ^ree  so  fully  with  the  ancient 
fonoB  that  they  might  be  direct  deecendauts  of  them.  Finally  many 
of  the  principal  groups  extend  back  into  the  palse-ozoic  age,  in  which 
the  Lxlhistida  and  Hexactinellida  especially  are  found  in  the  most 
ancient  Silurian  strata. 

Class  L     CALOABEA.* 

Sponges  with  a  calcat-eous  skdeton  and  large  choanocr/tes. 

Order  1.     Cawahka. 
With  the  characters  of  the  class. 

Sub-order  1.     HOHOCfELA. 

Cakana  wil/unU  flagellated  chambers;  the  intenial  lur/aee  ctdirely  lintd  Vy 
ttUarid  cells, 

Fam.  1.    AjBonldN.    Gastric  cavity  a  auuple  sac     Leneoiolenta  Bow 

Pol^aeff  and  Dendy  both  unite 
■11  Somoccela  in  one  genus,  for 
"the  spicules  of  the  Calcarea, 
being  very  variable  in  every  direc- 
tion, could  not  serve  as  a  basis 
for  the  distinction  of  genera 
Haeckel's  genera  therefore  go 
Dendy  distinguishes  three  sections 
of  the  genua;  (1)  Olynthoa  types 
which  do  not  form  colonies  or  if 
thsj  do  form  colonies  in  wbich 
the  individuality  of  the  members 
of  the  colony  (Ascon  persons)  is 
•Iwap.  recognisable  (F^   77)     (2)  '"  "" ^'^^^^^r'n^x""^^ 

colonies    the    members    of   which  ^^ 

anastomose  and  form  a  network ; 

(S)  colonies  consisting  of  a  central  Ascon  tube  from  which  other  tubes  »re 
radially  budded  off. 

'  A.  Dendj,  "A  Monograph  of  the  Victorian  Sponges."  part  I.  TTansaelion* 
tf  Oie  Soyal  Society  of  yUloria,  vol.  3,  part  1.  A.  Dendy,  "Observations  on 
Uie  Structure  and  Classiticatiou  of  the  Calcarea  Heteroccela."  Q.  J.  if.  S.,  vol. 
is,  1883,  p.  1G9.  N.  PolejaeCf,  "  Re]>ort  on  the  Calcarea."  Challenger  Beporta, 
voL8,  1883. 
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Sub-order  2.     HETEBOCOSLA. 

Calcareous  sponges  in  which  the  collared  cells  are  confined  to  more  or  less  well- 
defined  JUigcllated  chambers, 

Fam.  1.  LeuoaioidflB.  Flagellated  chambers  branched,  opening  into  exhalent 
canals  which  converge  towards  the  oscula ;  their  outer  ends  covered  over  by  a 
dermal  poriferous  membrane.  Skeleton  of  irregularly  scattered  radiate  spicules. 
Leuccucus  Dendy. 

Fam.  2.  SyoettidsB.  The  blind  outer  ends  of  the  flagellated  chambers  pro- 
jecting freely  on  the  surface  and  not  covered  by  a  dermal  cortex.  Chamber 
skeleton  articulate.     Syceita  H. ;  Sycon  Risso  ;  Sycantha  Lendf. 

Fam.  8.  GrantiidsB.  With  poriferous  dermal  cortex  covering  the  chamber 
layer ;  without  subdermal  sagittal  triradiates.  Chamber  skeleton  varies  from 
regularly  articulate  to  irregularly  scattered.  Orantia  Fleming;  Ute  O.S.; 
UUlla  bendy ;  Anamixilla  Pol. ;  Sycyssa  H. ;  Leuoandra  H. ;  Lelapia  Gray ; 
Leucyssa  H. 

Fam.  4.  Hotoropidtt.  With  poriferous  dermal  cortex ;  with  subdermal 
sagittal  triradiates.  An  articulate  chamber  skeleton  present  or  absent 
Orantessa  Lendf. ;  ffeteropia  Carter ;    Vosmceropsis  Dendy. 

Fam.  5.  AmphoriioidsB.  With  poriferous  dermal  cortex  ;  conspicuous  sub- 
dermal quadriradiate  spicules  with  inwardly  directed  apical  rays  are  present 
Meteropegma  Pol. ;  Amphoriscus  H. ;  Syculmis  H. ;  Leucilla  H. 

Glass  n.     TBIAXONIA. 

With  triaxoiiic  {sex-radiate)  spicules  and  large  flagellated  chambers. 

Order  1.     Hexactinellida.* 

Sponges  irith  very  loose  soft  parts,  and  with  silicious  spicules  which 
are  eitJier  isolated  or  united  into  a  connect etl  framework,  and  belong 
or  are  reducible  to  the  triaxicd  system.  Canal  system  simple,  tcith 
syconate  chambers. 

In  the  Hexactinellida  the  ectoderm  is  a  thin  layer  containing 
nuclei,  but  without  discernible  cell  outlines.  The  lining  cells  of 
the  flagellated  chambers  project  mto  the  cavity  of  the  chamber, 
and  stand  some  distance  apart  from  one  another.  Their  bases  are 
connected  by  basal  strands  which  are  ai)parently  processes  of  the 
colls  themselves.  No  flagella  or  collars  have  so  far  been  detected, 
but  there  can  be  but  little  doubt  that  they  «xist  as  in  other  s])onges. 

The  spicules  contain  a  central  canal  filled  with  a  soft  granular 
substance  which  is  continuous  with  adjacent  structures  through 
openings  at  the  end  of  the  rays.  These  are  closed  when  the  s])icule 
has  ceased  to  grow.  The  spicules  (Fig.  78)  typically  consist  of  a 
system  of  three  equal  axes  intersecting  at  right  angles,  and  variations 
in  this  type  are  due  to  the  unequal  development  or  branching  of 

*  F.  E.  Schulze,  "Report  on  the  Hexactinellida.'*  Challenger  Reports, 
vol.  21,  1887. 
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the  tays,  or  to  the  suppression  of  some  of  them.  The  TariationB 
in  the  form  of  spicule  may  be  classed  in  six  main  groups — hesacts 
(Fig.  78,  2),  pentacts,  tetracts,  triacts  (7),  diacta,  and  monacts. 
The  spicules  when  united  are  generally  bound  together  by  a  fine 
laminated  silicious  substance. 


Flo.  78.— SpiCDla  or  ffemdlniUlifa.  /,  ua  into-giatnl  pjouliia  or  SympngtUa  rvi.-  S,  hei*ct 
or  Aoluni  fibulaim  to  Htdeh  in  ipplLcd  siiuU  dlscU ;  S,  plunliu  o(  CnulofJiaeM  lofiit; 
i,  pcBtut  plnntnaot  Btialaiaui  IruWniiieifiii ;  t,  diKoheMMrt  of  Tofrria  jjuwini;  S,  diKo- 
hexactaot  Dietirocai^ffracUU:  7,  trUct  or  i/yu^iuna  (rmcillf .-  S,KopQ\tft  SurtUaaipert: 
9,  «iiiphMiK  of  Hyalmi«ui  SictnCdU.  (From  Penier  after  Schulia.) 

Prottelia  &re  tbe  spicnles  vhicli  occur  over  tha  outer  surface  of  the  gpoDge. 
They  ne  of  three  kinda :  batntiti  or  rootiug  spicules,  pleuraiia  at  the  aides, 
&nd  marginalia  round  the  osculum. 

Snualia  are  spiculea  in  relation  with  tho  bouudiog  membmie  of  the  iponge, 
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aud  are  of  two  kinds :  autodcrmalia  in  the  dermal  membrane,  and  hypoderma 
beneath  the  dermal  membrane. 

Oastralia  are  spicules  on  the  gastral  membrane  or  membrane  lining  \ 
centi'al  chamber  of  the  sponge. 

Parenohymalia  are  spicules  in  the  ])arench3rma. 

Siotyonalia  ai'c  the  parenchymalia  which  become  fused  to  form  the  C4 
tinuous  skeletal  framework  of  the  Dictyonina, 

Synaptioala  are  bridges  of  silica  connecting  neighbouring  spicules. 

Oxyhexaota,  hezacts  with  axes  running  to  a  point. 

Disoohoxaota,  hexacts  with  axes  enlarged  at  the  extremity. 

Hexaiten,  hexacts  with  axes  branching  into  rays  at  their  extremity. 

Pinnliia,  a  pentact  or  hexact  in  which  one  ray  bears  oblique  lateral  tei 
or  prickles  (Fig.  78,  2). 

Ampliidiaos,  a  diact  at  each  end  of  which  a  convex  expansion  occurs,  wh 
l>ears  six  or  more  backwardly  bent  marginal  teeth  (Fig.  78,  9). 

XTnoinate,  a  straight  rod,  x>ointed  at  both  ends  and  beset  all  over  with  ba 
pointing  in  the  same  direction. 

Clavula,  a  rod  which  l>ears  at  one  end  a  club-shaped  or  transvei-se  discoi 
ex]>ansion. 

Soopnla,  a  rod  which  l>ears  at  one  end  a  number  of  rays. 

Sub-order  1.     LT88ACIKA. 


ffcjcactinellida  in  which  the  spicules  either  remain  altogether  isolated^  or  i 
in  part  subsequently  and  irregularly  united  by  silicious  matter  or  transw 
synapticula. 

Tribe  1.  HEXASTEEOPHOBA.  Hexasters  always  present  in  the  parenchyi 
The  ciliated  chambers  are  sharply  seimrattni  from  one  another,  and  thiml 
8ha|)ed. 

Fam.  1.     EupleotellidaB.     Dermal  skeleton  contains  sword -shaped  oxyhexa 
with  long  proximal  ray.    Euplectella  Owen ;  Rcgadrella  O.  S. ;  Holascus  F.  E. 
Malacosaccus  F.  E.  S.;   Tccgeria  F.  E.  S.;   Walteria  F.  E.  S.;  Habrodicty\ 
W.  Th. ;   Eudiciyum  Marshall;   Dictyoeahjx  F.  £.  S. ;   Bhabdodictyum  O. 
Jthabdopcctella  0.  S. ;  Hertxcigia  0.  S. ;  Hyalostylus  F.  E.  S. 

Fam.  2.    AaconomatidsB.    The  dermal  and  gastral  .skeletons  contain  pent 
;  or  hexact  pinuli.      The   hyx>odei'malia  and  hypogastralia  are   pentacts  w 

I  parenchymal  discohexasters.    Asconema  S.  Kent ;  Anlascus  F.  E.  S. ;  Sympagt 

j  O.   S.;   Polyrhabdus  F.   E.   S.;    Balanites  F.   E.   S.;    Caulophaeus  F.   E. 

\  Trachycaulus  F.  E.  S. 

j  Fam.  3.     EossellidflB.    Dennalia  always  without  a  distal  radial  ray.     Lat 

I  ginella  0.  S. ;   Folylophus  F.  E.  S.;   liossella  Carter;   Acanihaseus  F.   E. 

Bathydoru^  F.  E.  S. ;  Bhabdocalyptus  F.  E.  S. ;  Crateromorpha  Gray ;  Aulocht 
F.  E.  S.;  Caulocalyx  F.  E.  S.;  Aulocalyx  F.  E.  S.;  Euryplegina  F.  E.  S. 

Tribe  2.  AMPHIOI8C0PH0EA.  Ampliidiscs  always  present  in  limiti 
membranes.  Parenchyma  without  hexasters.  Anchoring  Imsalia  always  prese 
Chambers  not  thimble-shaped  nor  sharply  marked  off  from  one  another,  I 
forming  irregular  diverticula  of  the  membrana  reticularis. 

Fam.  1.  HyalonematidaB.  Both  dermal  and  gastral  membranes  conti 
numerous  |)entact  i»inuli.  Hyaloncma  Gray;  Phcroncma  Leidy;  Poliopo(^ 
Wy.  Th. ;  Semperella  Gray. 
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*  Sub-order  2.     DICTTOITINA. 

Hexadinellida  in  which  the  large  parenchymal  hexncts  are  from  Che  first  more 
or  less  regularly  united  as  dictyoncUia  in  a  firmly-connected  frametoork. 
Tribe  1.     ITHCIHATABIA.    With  uncinates. 

A.  With  davtUce, 

Fam.  1.    ParreidsB.    Farrea  Bow. 

B.  fFiih  radially  disposed  scqpvlce. 

Fam.  2.  SurotidsB.  Eurete  Carter;  Periphragella  Marshall;  Lefroyella 
Wy.  Th. 

Fam.  8.     MelittionidflB.    Aphrocallistes  Gray. 

Fam.  4.     CofdnoporidsB.     Chonelaama  F.  £.  S. 

Fam.  5.  Totrodiotyidtt.  Hexactinella  Carter ;  Cyrtaulon  F.  £.  S. ;  Fieldingia 
8.  Kent ;  Sclerothamnus  W.  Marshall. 

Tribe  2.     INJBHICIA.    Without  uncinates  or  scopulne. 

Fam.  1.  MsMUidrospoiigidflB.  Dactylocalyx  Stutchbury ;  Margaritella  0.  S. ; 
Selerqplegma  0.  S. ;  Myliusia  Gray ;  Aulocystis  F.  £.  S. 

Order  2.     Hexaceratina. 

Spofiges  icUh  large  and  saccular  ciliated  chambers,  with  simple 
canals.  Skeleton  composed  of  soft  hoimy  fibresy  sometimes  accom- 
panied hy  homy  spicules.     The  skeUton  may  he  absent. 

Fam.  1.  DarwinellidsB.  Skeleton  comprises  both  homy  fibres  and  homy 
spicules.     Darwinella  Fr.  Muller. 

Fam.  2.  AplysillidsB.  Skeleton  is  composed  of  homy  fibres  only.  lanthella 
Gray ;  Aplysilla  F.  E.  S. ;  Dendrilla  Lendf. 

Fam.  3.  HalisarcidsB.  Skeletal  stmctures  absent ;  chambers  syconate. 
Halisarca  Duj. ;  Bajulus  Lend. 

COass  m.    DEMOSPONGLS. 

Without  triax<mic  spicvJes,  with  small  choanocytes  and  small  ciliuted 

chambers.     Skeleton  of  sUicious  spiculeSj  or  of  sponginy  or  of  both 

comlnned. 

Order  1.     Tetractinellida.* 

Skeleton  charadetHsed  Inj  truene  or  tetrojcon  megascleres,  or  lithistid 
desmas. 

The  genus  Placospom/ia,  which  is  without  the  skeletal  characters, 
is  included  here  because  of  the  presence  of  sterrasters  'svhich  are  not 
found  outside  the  group. 

Suborder  1.     CHOEISTIDA. 

Tetradinellida  in  which  lithistid  desman  are  absent^  and  the  megascUres  are 
never  articulated  to  form  a  coherent  skeleton. 
Tribe  1.     SIOXATOPHOBA.    Microsclcre  when  present  a  sigmaspirc. 

*  W.  J.  SoUas,  "Report, on  the  Tetractinellida.'*  Challenger  Reports,  vol. 
25,  1888.  E.  Topsent,  **  Etude  Monographique  des  Spongiaires  de  France. 
I.  Tetractinollida.'^    Arch.  d.  Zool.  expir.  et  g6n.     (3)  T.  2,  1894. 
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Fain.  1.  TotillidsB.  The  characteristic  luegasclere  a  protrisene#  Tetilla 
O.  Schm. ;  ChroUlla  Sollas ;  Cinaehyra  Soil. ;  Cranulla  O.  Schm. 

Fam.  2.     Samidtt.    Characteristic  megasclere  an  aniphitriiene.     Samus  Gray. 

Tribe  2.     A8TB0PH0BA.    One  or  more  of  the  niicroscleres  is  an  aster. 

Fam.  1.  ThenoidflB.  Microscleres  are  spirasters  or  amphiasters,  and  ox jastors 
or  microxeas.  Without  cortex.  Thenea  Gray;  Characella  SolL;  PceciUastra 
Soil.;  SphinctreUa  O.  Schm.;  Triptolcmiis  Soil.;  Stosba  Soil.;  Neihea  Soil.; 
Placinastrella  F.  E.  Sch. 

Fam.  2.  PaoliaitrellidflB.  The  chief  megascleres  are  calthrops;  trisenes 
absent.  Microscleres  may  be  spirasters,  spherasters,  or  microrabds.  Pachastrella 
0.  Schm. ;  Dercitits  Gray ;  CaUhropella  Soil. 

Fam.  3.  StellottidsB.  Euasters  always  present,  but  never  spirastera  or 
sterrasters.  With  triienes;  without  calthrops.  Chamber-system  aphodal,  and 
choanosomal  mesoderm  sarcenchymatous.  Megascleres  generally  arranged  on 
the  radiate  type.  Myriastra  Soil. ;  Pilochrota  Soil. ;  Astrella  Soil. ;  AiUhastra 
Soil. ;  SUlletta  O.  Schm. ;  Dragniastra  Soil. ;  Aurora  Soil. ;  Ancorina  O.  Schm. ; 
Trihraddum  Weltner;  TeUtyopns  Stewart;  Disyringa  Soil.;  Stryphnus  Soil.*; 
JScionema  Bow.;  Papyrula  O.  Schm.;  Ptammastra  SoU. ;  Algol  Soil. 

Fam.  4.  OeodiidsB.  Tlie  characteristic  microsclere  is  a  sterraster.  With 
trieene  megascleres.  The  sterrasters  in  the  cortex  are  united  together  by 
fusiform  fibrillated  cells.  Erylua  Gray ;  Caminua  O.  Schm. ;  Pachymatisma 
Bow. ;  Cydonium  Fleming ;   Oeodia  Liamarck  ;  Synops  Vos. ;  Isops  Soil. 

Fam.  5.  PlaoospongidaB.  The  characteristic  microsclere  is  a  sterraster. 
The  only  megascleres  are  tylostyles ;  trioenes  absent.  Often  ])laced  with  the 
SuberUidce  (Monaxouid)  on  account  of  tylostyles.     PUumpongia  Gray. 

Tribe  3.     MSOASCLEBOPHOSA.    Without  microscleres. 

Fam.  TethyopiillidflB.     ProUUia  K  and  D.;   Tethyopsilla  Lendf. 

Sub-order  2.     LITHISTISA. 

Tetractincllida  provided  with  a  (xnisistcnt  skeleton  by  the  zygosis  of  modified 
spicules  or  drsnuis. 

Tribe  1.  HOPLOPHOSA.  With  special  ectosomal  spicules,  and  usually  some 
form  of  microsclere. 

A.  JBetasomcU  spicules  as  tricsnes,    Aphodal, 

Fam.  1.  TotraoladidflB.  Desma  tetracrcpid.  Theonella  Gray ;  Diseodermia 
Bocage ;  Racodisetila  Zittel ;  Kaliapsis  Bow  Neosiphonia  Soil. ;  Rimella 
O.  Schm.;   Colliiulla  O.  Schm.;  Sulcastrrlla  O.  Schm. 

Fam.  2.  CoralliitidsB.  Desma  monocrepid  (t.^.,  with  crepis  as  monaxon) 
and  tuberculateil.  Aphodal.  CorallisUs  0.  Schm. ;  Macandrevna  Gray ; 
Dwdalopella  Soil. ;   HeUrophymia  Pomel ;   Callipelta  Soli. 

Fam.  3.  Pleromida.  Desma  monocrepid  and  smooth.  Aphodal.  Pleroma 
Soil.;  Lyidium  0.  Schm. 

B.  Ectosomal  spicules  as  mierostrongyles  or  modified  microstrongyles  (discs), 
Desmas  monocrepid, 

Fam.  4.  NeopeltidsB.  Ectosomal  spicules  as  monocrepid  discs.  Neopelta 
O.  Schm. 

Fam.  5.  SoleritodermidsB.  Ectosomal  spicules  as  microstron/j^yles  and  the 
other  microscleres  as  sigmaspires.    Scleritoderma  O.  Schm. ;  Aciculites  0.  Schm. 

Fam.  6.  CladopeltidsB.  Ectosomal  spicules  as  a  monocrepid  desma  highly 
branched  in  a  plane  parallel  to  the  surface.  Microscleres  absent.  Siphonidium 
O.  Schm. 
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Tribe  2.    AHOPLIA.    Special  ectosomal  spicules  and  inicrosclercs  absent. 

Fam.  1.  AiorieidflB.  Desmas  monocrepid.  Azorica  Carter ;  Tretolophus 
Soil. ;  Oaatrophanclla  O.  S. ;  Setidium  0.  S. ;  PoriUlla  0.  S. ;  AmphiblepttUa 
O.  S. ;  Tremaulidium  0.  S. ;  Leiodennaiium  0.  S. ;  Sympyla  Soil. 

Fam.  2.  AnomooladidsB.  Desma  acrepid,  consisting  of  a  variable  number  of 
smooth  cylindrical  cladi  radiating  from  a  thickened  centrum.  Zygosis  between 
the  ex]>anded  ends  of  the  cladi  of  one  desma  and  the  centrum  of  another. 
Vctulina  0.  S. 

Order  2.     Carnosa.* 

Sjxmges  icifhout  mefjascleres ;  mirroscleres  helomjimj  to  fJie  tetrarial 
iype  present  or  absent. 

Tribe  1.  MICB08CLEB0PTEBA.  Microscleres  are  variously  modified  tctrac- 
tinose  asters,  candelabras,  or  minute  triaenes. 

Fam.  1.  PlakinidsB.  With  tetractinose,  triactinose,  diactinoso  asters,  and 
sometimes  mono-,  di-,  or  trilophous  candelabra.  Chamber-system  eurypylous 
or  aphodal ;  mesoderm  chiefly  collenchjrmatous.  The  sponge  is  divided  into  a 
hy|)omere  and  a  spongomere.     Plakina  F.  E.  S. ;  Plaeorlia  F.  E.  S. 

Fam.  2.  CortioidsB.  Tetractinose  asters  and  candelabras.  Aphodal  or  dip- 
lodaL  In  part  sarcenchymatous,  in  part  collenchymatous.  Corticium  0.  Schm. ; 
Calaibrina  Soil. ;  Cortieella  Soil.;  Rhaeella  Soil. 

Faro.  3.  ThrombidsB.  Trichotritenes,  and  sometimes  a  peculiar  form  of 
amphiaster.  Ectosome  thin  and  not  sharply  marked  off  from  choanosome. 
Diplodal.  Mesoderm  densely  collenchymatous  with  numerous  large  granular 
cells  in  addition  to  collencytes.     Thrombus  Soil. 

Fam.  4.  ABtropeplidsB.  With  microxeas  and  asters ;  the  microxeas  are 
arranged  tangentially  to  the  walls  of  the  canal-system,  forming  a  loose  felt ; 
eurypylous*;  ectosome  not  a  cortex.     Astropcplus  ^o\\, 

Tiibe2.     0LIO08ILICINA.    With  asters  only. 

Fam.  ChondrilUdtt.    ChondHlla  0.  S. 

Tribe  3.     mrXOSPONOIDA.    Without  spicules. 

Fam.  OninininidsB.  Chondrosia  0.  S. ,  diplodal  rhagon  chambers ;  Oscarella 
Vo8.,  chaml)ers  eurypylous  and  rhagose. 

Order  3.     Monaxonida.! 

Silictotis  skeleton  with  unicurial  mefjaschres. 

The  Monaxonida  are  related  to  the  Tetrartinellula  through  the 
AstropejMche  on  the  one  hand,  and  Plakina  on  the  other.  In  fact  it 
is  difficult  to  see  why  these  forms  are  placed  in  separate  orders. 

Sub-order  1.     HALICHOKDSIHA. 

Typically  non-corticate ;  skeleton  usually  reticulate ;  megascleres  usually  either 
oxea  or  stylL 

Fam.  1.  HomorrapUdflB.  Megascleres  all  diactinal,  either  oxea  or  strongyla  ; 
no  microsclera. 

♦  R  Topscnt,  Arch.  Zool  expir,  (3),  3,  1895. 

+  Ridley  and  Dendy,  "Rei^rt  on  the  Monaxonida."  Challenger  Beports, 
vol.  20, 1887.  E.  Topsent,  **  Expose  des  Princij)e8  actuels  de  la  Classification  des 
Spongiaires."  Revue  Biologique  du  Nord  de  la  France y  t.  4.  /ei.,  "La  classifi- 
cation des  Halichondrina."    Mim^  Soc.  Zool,  France^  1894. 
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Sub-fani.  I.  BenierinsB.  Spicules  may  be  enveloped  by  a  small  pro- 
portion of  spongin,  but  are  never  completely  enveloped  in  it  ffalichondria 
Fleming,  littoral ;  Fetrosia  Vos. ;  Rntiera  Nardo  ;  Calyx  Vos. 

Sub-fam.  2.  ChaliniiUB.  S]X)ngin  plentiful ;  spicules  envelo))ed  and 
united  by  it  Pachychnlina  Schm. ;  Chalina  Grant ;  Siphonochalina  0. 
Sclim. ;  Cacochalyna  0.  S. ;  Chalinorrhaphis  Lend. ;  Hoplochalina  Lend. 

Fam.  2.  HeterorraphidsB.  Megascleres  of  various  forms  ;  microscleres  com- 
monly present,  but  never  chelae. 

Sub-fam.  1.  PhloBodiotjrixiflD.  Sponge  massive,  with  tubular  processes 
(fistulie)  projecting  from  it  With  a  well-marked  external  rind.  Megasclera 
oxea,  passing  into  strongyla  in  some  s|)ecies.  Hhizochalina  Schmidt; 
Oceanapia  Norman. 

Sub-fam.  2.  OolliinflB.  Megascleres  all  diactinal,  oxea,  or  strongyla. 
Microsclera  as  sigmata  or  toxa  ;  no  rind  or  iistulse.  '  Gellius  Gray ;  Gelliodes 
Ridley ;  Toxochalina  Ridley. 

Sub-fam.  3.  TodaniinsD.  Megascleres  of  two  forms — monactinal  (styli) 
forming  the  main  skeleton,  diactinal  (tylota  or  tomota)  dermal.  Micro- 
sclera as  rhaphides.     Tcdanm  Gray  ;  Traehytedanui  Ridley. 

Sub-fam.  4.  DesmacellinsB.  Megascleres  all  monactinal,  stylote  to 
tylostylote.  Microscleres  signiata  or  toxa,  or  both.  Desmacella  Schm.; 
BUmma  Gray. 

Sub-fam.  5.  HamaoantlimsB.  Megascleres  oxea  or  styli.  Microscleres 
large  diancistra,  and  sometimes  others.  Vomerula  Schm.;  ffamacantka 
Gray. 

Fam.  3.  BeBmaoidonidsB.  Megascleres  of  various  forms,  usually  monactinal. 
Microscleres  always  present  and  always  including  chelte. 

Sub-fam.  1.  EsperellinsB.  Skeleton  fibre  not  echinated  by  laterally 
projecting  spicules.  Esperella  Vos. ;  Esperiopsis  Carter ;  Cladorhiza  M.  Sars, 
megascleres  long,  often  projecting  radially,  like  spines,  deep-sea ;  Axonidcrma 
R.  and  D. ;  Chondrocladia  W.  Thomson,  deep-sea ;  Meliidenna  R.  and  D. ; 
Desniacidon  Bow. ;  Art^nnisina  Vos. ;  Phelloderma  R.  and  D. ;  Siderodcrtna 
R.  and  D.;  lophon  Gray;  Amphilectus  Vos.;  Ihndoryx  Gray;  Foreepia 
Carter  ;  Vvcsia  Topsent ;  Mctonanchora  Carter  ;  Datniria  Keller,  etc. 

Sub-fam.  2.  EotyoxunsB.  Skeleton  fibre  echinated  by  laterally  ])rojecting 
spicules.  Myxilla  Schmidt;  Pylheas  To]ts. ;  ClcUhria  Schm. ;  Bhxiphidophlus 
Ehlers  ;  Styhstichon  To|)s. ;  Microciona  Bow. ;  Ifymeraphia  Bow. ;  Plocamia 
O.S. ;  Plumohalichondria  Carter;  Acamua  Gray;  EchiiiocUUhria  Carter; 
Agclas  Duch.  and  Mich. ;  Echinodictyum  Ridley. 

Fam.  4.  AxinellidsB.  Skeleton  typically  non-reticulate,  consisting  of  ascend- 
ing axes  of  fibres  from  which  arise  subsidiary  fibres  radiating  to  the  cortex. 
Megasclera  chiefly  styli,  to  which  oxea  or  strongyla  may  be  added.  Microsclera 
rarely  present,  never  chelate.  Hyincniacidon  Bow. ;  PhakeUia  Bow. ;  Ciocalypta 
Bow. ;  Acanthelld  Schm.,  Axinella  Schm.,  generally  branched ;  Rnspailia  Nardo, 
branched,  whip-like;  Dendropsis  R.  and  D. ;  Thrinacophora  Ridley;  Diclyo- 
cylindrus  Bow. 

Fam.  5.  SpongillidaB.  Fresh-water  s(K>nges.  Asexual  reproduction  by 
gemmules  which  are  often  surrounded  by  a  special  kind  of  spicules  called 
amphidiscs.  Spongilla  Lamarck;  Ephydatia  Lamouroux:  Tubella  Carter; 
Pannufa  Carter;  HeUronieyenia  Potts;  Lubomirskia  Dybowski;  Lessepsia 
Keller ;  Uruguaya  Carter ;  Potamolepis  Marshall. 
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Sub-order  2.     SPnTTHABOPHORA. 

Usually  corticate.     Megascleres,  as  a  rule,  collected  in  fibres  radially  arranged 
from  the  base  to  the  surface.     Microscleres,  when  present,  as  some  form  of  aster, 
never  a  sigma,  sigma  spire,  or  chela. 
Tribe  1.     ACICTTLHrf.     With  diactinal  megascleres. 

Fam.  1.  EpallaoidflB.  Megascleres  as  oxeas,  and  niicroscleres  as  some  form 
of  asters.  Epallaz  Soil.;  Scolopes  Soil.;  Dorypleres  SolL;  Amphius  SolL; 
Atteropus  ^W,;  Coppatias  ^oW, 

Fam.  2.  StylooordylidsB.  Sponge  differentiated  into  a  head  and  stalk. 
Skeleton  in  head  radiately  arranged  with  a  cortical  layer  of  smaller  spicules  set 
radiately  to  the  surface.  Spicules  in  stalk  set  longitudinally  in  a  dense  axis. 
Oxeas  only.     Stylocordyla  W.  Th. 

Fam.    3.      TothyidsB.      Megascleres    are    strongyloxeas   radially    arranged. 
Microscleres  are  spherasters,  and  sometimes  other  forms  of  Euasters.     Tethya 
Lam.;  ColumnUis  0.  S.;  Xenoapongia  Gray;  Magog  Soil.;  Sollasella  Lend. 
Tribe  2.     CLAVITLIHf.    With  monactinal  megascleres. 
Fam.  1.     SpiraitrollidflB.    Non- boring  sponges  with  numerous  microscleres 
(asters,  spii'asters,  or  discasters),  typically  forming  a  more  or  less  continuous 
dermal  crust.      Hymedesmia  Bow. ;   Spirastrella  O.  S. ;   Lairunealia  Bocage ; 
Pudoapangia  Bocage,  etc. 
Fam.  2.     SuberitidsB.    Without  microscleres  of  the  aster  typo. 

Sub-fam.   1.     SuberitiiUB.     Skeleton  not  radially  arranged.     Suberites 
Kardo ;    Weberella  Vos. ;  PoUrion  Schlegel,  eta 

Sub- fam.   2.     PolymaitiniB.     Skeleton  radially  arranged.     Polymastia 

Bow.;  (2ua«i7/i)ta Norman ;  Tentorium Yoa,;  RidUia Dendy;  TriehosUmma 

M.  Sars,  free-living,  deep-sea,  symmetrical  forms  with  fringe  of  hair>like 

spicules  for  attachment  in  the  mud ;   Tethyspira  Tops.,  etc. 

Fam.  8.    ClionidsB.    Boring  sponges,  generally  witli  microscleres  of  the  aster 

form.     Cliana  Grant ;  Thoota  Carter ;  AlecUma  Carter. 

Order  4.     Ceratina.* 

Sponges  with  a  supporting  skeleton  formed  of  spongin  fibres  which 
are  without  spicules ;  ciliated  chambers  saccular  or  piriform  ;  micro- 
Kleres  present  or  absent. 

This  is  undoubtedly  an  artificial  order,  and  contains  forms  which 
are  more  closely  allied  to  various  families  of  the  Monwconida  than 
to  each  other.     It  includes  the  so-called  homy  sponges. 

Fam.  1.  AnlonidflB.  Vestibular  spaces  complicated  ;  ciliated  chambers  very 
small ;  skeleton  reticulate,  formed  of  more  or  less  areuiferous  homy  fibres  which 
do  not  contain  proper  spicules.  Proper  echinating  spicules  may,  however,  be 
attached  to  the  superficial  fibres.  Allied  to  the  Desmaeidonidm,  Aulena  Lendf. ; 
HyaUdla  Lendf. 

Fam.  2.  Spongidae.  With  small  piriform  or  spherical  ciliated  chambers ; 
without  proper  spicules ;  not  clathriform.     Allied  to  the  Homcrrhaphida, 

Sub-fam.  1.     Euaponginae.    Skeletal  network  close-meshed,  fibres  solid, 
generally  with  foreign  bodies  in  the  main  fibres.     Chalirwpsilla  Lendf.; 

*  R.  von  Lendenfeld,  A  Monograph  of  the  Homy  Sponges.  Royal  Society, 
London,  1889. 
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Phyllospongia,  Ehlers ;  Leiosella  Lendf. ;  Euspongia  Brown ;  E,  officinalis 
L.,  the  fine  Turkey  or  Levant  sponge ;  Hippospongia  F.  E.  S. ;  IT.  equina 
O.  S.,  the  horse  sponge  or  common  bath  sponge.  Coseinodenna  Carter; 
Heteranema  Keller. 

Sub-fam.  2.  Aplysinae.  Skeletal  network  loose,  the  axis  of  the  fibres 
is  occupied  by  a  kind  of  pith.  Aplysina  Nardo;  Luffaria  Pol.;  Tkorect- 
andra  Lendf. ;  Thoreda  Lendf. ;  Aplyrinopsis  LcndC 

Sub-faro.  3.  Dminollinae.  Ciliated  chamlwrs  with  long  special  efferent 
and  afferent  canals ;  fibres  thick  with  irregular  lobosc  surfaces.  Druinella 
Lendf.  > 

Sub-fam.  4.  Halminae.  Skeleton  as  a  network  of  slender  fibres  containing 
at  the  nodes  large  sand-grains ;  or  with  a  skeleton  of  loose  sand-grains  and 
dendritically-branched  areniferous  fibres.  Oligouras  F.  E.  S.;  Dysideopsis 
Lendf. ;  Halnne  Lendf. 

Sub-fam.  5.     Stelotponginae.    Skeletal  network  wide-meshed,  comi)osed 

of  solid  fibres  more  or  less  fasciculated.     Stelospongia  Schmidt ;  Hircinia 

Nardo. 

Fam.  3.    Spongelidae.   With  large  saccular  ciliated  chambers  without  efferent 

canals,   a   clear   ground   substance,  and  a   skeleton   of  solid  fibres   without 

proper  spicules,  but  containing  sand-grains.     Sometimes  the  fibres  are  replaced 

entirely  by  large  scattered  sand-grains.     More  closely  allied  to  the  Heteror- 

raphidce  than  to  any  family  of  CercUina, 

Sub-fam.  1.  Phoriospong^ae.  With  microscleres.  Phoriospongia 
Marshall ;   SigmaUlla  Lendf. 

Sub-fam.  2.     Spongelinae.     Without  microscleres.     Spongelia  Nai^do; 
Paaminopemma  Marshall ;  ffcuistia  Lendf. ;  Psammoplysilla  Keller. 
The  deep-sea  Ceratosa  of  Haeckel  {Challenger  Eeparis,  voL  xxxii.,  1889), 
belong  to  this  order.     He  distributes  the  forms  into  four  families  : 

Ammooonidae,  without  spongin  skeleton ;  Psammisidae,  without  spongin 
skeleton ;  the  Stannomidae,  with  spongin  skeleton ;  and  the  Spongelidae.  Most 
of  them  were  taken  at  a  depth  of  from  2000  to  3000  fathoms. 


CHAPTER  IV. 

COELENTERATA.* 

Radially  symmetrical  animals  with  only  one  cavity  in  the  body — 
t?ie  gastrovascuUir  space — which  senses  alike  for  diyestion  ami  circula- 
tion.   The  generative  cells  are  always  either  ectodermal  or  endodennal. 

The  Coelenteratay  which  include  i>olyps,  corals,  sea-anemones,  jelly- 
fishes,  etc.,  are  multinucleate  animals,  in  which  the  greater  number 
of  the  nuclei  are  arranged  in  regular  layers  at  the  Ixxly  surfaces,  and 
constitute,  with  the  protoplasmic  layer  which  contains  them,  the 
external  and  internal  epithelia,  commonly  called  the  ectoderm  and 
endoderm  respectively.  Between  these  two  layers  the  protoplasm  is 
reduced  to  a  sparse  reticulum,  without  or  with  only  a  few  nuclei,  the 
spaces  between  the  strands  of  the  reticulum  being  filled  by  a  gelatinous 
matter,  i\\Q  jelly, ^  Wlien  this  interposed  gelatinous  layer  is  thin  and 
inconspicuous,  as  in  most  polyps,  it  is  called  the  supporting  lamellcL, 
or  structureless  lamella  ;  when  it  is  thick  and  bulky,  as  in  some  parts 
of  the  jelly-fishes,  it  is  called  simply  the  jdly.  Further,  these  layers 
are  always  differentiated  to  a  greater  or  less  extent  into  functional 
tissues — contractile  tissues  and  nervous  tissues ;  and  nematocysts  are 
always  present  as  differentiations  of  the  ectoderm  or  endoderm,  or  of 
lx)th  layers ;  the  generative  cells  are  always  products  of  one  of  these 
layers ;  and  finally,  the  ectoderm  or  the  protoplasm  of  the  jelly  very 
commonly  secretes  a  skeletal  tissue,  which  may  be  either  cuticular, 
homy,  or  calcareous.  On  the  other  hand,  the  internal  surface  of  the 
body  is  not  differentiated  into  organs  of  circulation,  of  digestion,  or 
of  coelom  distinct  from  each  other.  The  vegetative  processes  are 
performed  by  the  internal  surface  of  the  enteric  cavity,  or  gastro- 
vascular  space  as  we  shall  call  it,  of  which  the  central  part  func- 
tions as  stomach  and  intestine,  the  peripheral  as  vascular  system. 

*  R.  Leuckart,  Zoologiache  Untersuchungen,  I.,  Giesscn,  1853.  C.  Chun, 
Coelenterata  in  Bronn's  Klassen  u,  Onlnungen,  Bd.  2,  Abth.  2. 

t  Sometimes  called  the  roesoglaea — an  unsuitable  tenu,  because  it  suggests  an 
eetoglaea  and  eotoglaea,  which  do  not  exist. 
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R.  Leuckart  wiia  the  first  to  recognise  the  importance  of  these 
chnmcters,  and  made  uso  of  them  to  nepamte  tlie  Polype  and  the 
MeiJunae  from  the  Erhimxhrm»,  thus  resolving  Cuvier's  type  of 
Sailiata  into  the  tyjiea  of  Coeleiilerafa  and  Ecfiinodermata. 

The  Coehtttei-ata  are  divided  into  two  main  sub-phyla,  the  Cniilaria 
and  the  Gienophora,  distinguished  from  one  another  by  a  number  of 
characters,  of  which,  perhaps,  the  most  compre- 
hensive is  the  presence  or  alwence  of  nemato- 
cysts.  The  entire  structure  of  the  liody  is 
generally  sjwaking  disiwsed  in  radial  symmetry, 
although  amongst  the  Cniilaria  transitions 
towards  bilateral  symmetry  are  sometimes 
apparent. 

Three  distinct  types  of  body-form  are  met 
with  amongst  tlie  CoeletUerata,  viz.,  tliat  of  the 
Polyp;  of  tlie  Medusa;  and  of  the  Ctenojihore. 
The  Polyp  type.  The  Polyp  has  the  form 
of  a  cylinder  or  sac  (Fig.  79),  of  wliich  the 
IKJsterior  or  lower  end  is  fixed  and  the  opposite 
end  is  free  and  pierced  by  an  opening — tlie 
mouth — placed  on  a  flat  or  conical  prominence 
—tlie  oral  cone  or  Ayjioxtoiiie,  and  leading  into 
the  cavity  of  the  Iwdy,  or  enteric  space  (roelen- 
KL  ectoderm  En  an  ffion).  Around  the  moutli  are  placed  a  nunilter 
dwienii ;  T  untacie  ^j  regularly  or  irregularly  arranged  contractile 
processes — the  tentacles,  which  always  contain  endoderm,  eitlier  solid 
or  traversed  by  a  prolongation  of  the  enteric  space.     The  tentacles 


o.  7B.— DI»gt»iiiniaCi 
lon^iltlHllml  wctiaii  <. 
I  hyilrolij    I>j1)r 


may 


reduced   to    knob -like    warts 


Fio.  80.— LoDglMdiiiil  wetlon  Uiraugh  tbc  D«r»  ring 
nent-atneii  Miupportlng  lnmelUl  fsnanderince 


be    absent    altogether 

(siphonozooids    of 

the   Stylagteriilae, 

etc.).  Inrarecases 

{Arachnacliii,  Mm- 

yas)  the  polyp  is 

free-swimming. 

The     ectoderm, 

charib-      which  is  the  part 

'"'■  '''^     of    the    polyp    in 


cloi 


■elati( 


with  the  outer  world,  possesses,  to  use  the  ordinary  parlance  of 
histology,  sense-celts  (Fig.  80)  provided  with  sensory  hairs ;  neree  or 
garujlion-cells  with  branching  processes;   epitkelio-musde  cells,  with 


'foeih  or  tri^ers,  projecting  on  the 


COBLENTERATA,  101 

contractile  processes  (Fig.  SI)  arranged  along  the  long  axis  of  the 

body ;  and  cniiloUaste,  which  form  the  tlireod-cells,  or  nematocysts, 

and  carry  sensory  processes,  the  cti 

Biirface.     Tlie  thread-cells  (Fig. 

82)  are  snioll  capsules  consisting 

of  a  higlily  rcfractUe  cuticular 

material,  and   containing  Bome 

fluid     and     a     spirally  -  coiled 

thread.    Under  certain  meclian- 

ical  conditions,  e.g.,  under  slight 

pressure    produced     by    contact       Fm.  si.— Bctodtrm  qsIIs  of  Hydra  with  con- 
With     a     foreign     body,     these         tr«tll.  proc««.  (-).    From  Ch.m,  UUr 
.  ,      ,  ,        ,  KWnentKfg. 

capsules  suddenly  protrude  the 

thread,  which  either  fastens  on  to  the  caiises  of  the  disturbance,  or 
pierces  it,  carrying  into  it  a  part  of  the  fluid  contents  of  the  capsule. 
In  many  parts  of  the  body,  and  especially  on  the  tentacles,  which 
serve  for  the  capture  of  prey,  these  microscopic  weapons  are  present 
in  great  iium]>en!,  and  are  often 
grouped  in  a  [wcxiliar  nrrangenient 
to  form  batteries  of  thread-cells. 

Tlie  endoderm  cells  are  princii)ally 
concerned  with  the  processes  of 
digestion  and  secretion.  Tliey  often 
bear  cilia  for  the  movement  of  the 
contents  of  the  goetrovoscular  space, 
and  their  deeiwr  ends  are  sometimes 
prolonged  into  contractile  processes 
which  are  transversely  arranged. 
The  endoderm  of  the  tentacles  is 
sometimes  solid,  and  moditied  for 
a  skeletal  function  by  the  develoj)- 
ment  of  vacuoles  and  cuticular  struc- 
tures into  a  fonu  resembling  the 
vegetable  i>arenchyma  of  plants,  i 
the  tissue  of  the  vertebrate  noto- 
chord  (Fig.  83).  The  food 
digested  in  the  Protozoan  mann« 
being  surrounded  by  protoplasmic  processes  of  tlie  endoderm.  The 
digestion  is  therefore  intracellular,  and  the  indigestible  remains  are 
cast  out  into  the  enteron  and  ejected  through  the  luouth  by  the 
help  of  the  ciUa  of  the  endoderm  cells. 


Fin.  BS, — a,  h  Neiiiitocfjtfl  ind 
bllulAorCVrfl/'^Juirq,  with  th« 
or  the  cell  (ciildobtut) ;  r  nihr* 
of  1  ctenopbon  (fTijm  Lang). 


102  OOKLENTBRATA. 

As  a  rule  there  is  no  localised  organ  for  the  escretion  of   the 
nitrogenous  waste,  but  in  a  few  cases  deposits  of  guanin  or  urea  crystals 
may  be  seen  in  some  of  the  endoderm  cells.     Some 
polyps  possess  pores  at  the  apices  of  the  tentacles  or 
through  tlie  body  wall,  which  may  serve  for  excretion 
(Fig.  84). 

Asexual  reproduction  by  budding  or  fission  is  very 
commonly  found.  If  the  individuals  so  produced 
remain  united  they  give  rise  to  the  colonies  which 
are  so  widely  distributed  amongst  the  Cnidaria,  and 
which  by  the  continued  multiplication  of  their  mem-  no.  as.— aii«i 
bere  may  attain  a  considerable  size.  t^'ucie"  'of 

Sexual    reproduction    is    always    met   with.      The        oimpmiuiorio. 
sexual  cells  arise  in  the  endoderm  or  ectoderm.     They 
sometimes  remain  at  their  place  of  origin  {Hydra,  AjUhoma),  but 
often    tliey   pass   through    the  supporting    lamella   and    wander   to 
^^,  another    place    where    they 


\ 

^^ 

There   are   two    kinds   of 

NK[. 

polyps,  characterised  by  the 

\!^ 

structure  of  the  enteric  cavity 

^^\  r  ^' 

—the  Hyilroul  polyp  and  the 

Anthozoan    or    coral    polyp. 

^V^^jN*  /j:/.  -'I 

As  types  of  the  former  we 

«j--..\* .*.      fO"'-'- "iJ/ 

may    mention    Hydra    with 

"'--Ul^'-  E      /■;  ;/■■  '•■'■jLa^ 

its    single    row    of    hollow 

ill             ^V  ,-|[ 

ym                   V' )'/"'' 

with  its  double  row  of  solid 

•rC'IJ            v'jt-'v^ 

tentacles.      In   such    polyps 

m                V'il 

the  gastrovaacular    space    is 

™kr    in                \7/  ™ 

simple,     and     there     is     no 

""*  \^t Jl 

oesopliageal  tube. 

The  Aathozoan  Polyps 
are  usually  of  a  larger  size 

"^^—-'Z—-^-' 

than     the     Hydi-oids,     and 

possess  a  more  complicated 

on  the  right,    r  jaribrmtion  in  mwenteiy ;  fA  oeW- 
derm;  in  sndoderm  (black):  «  eicntlon -pong 

gastrovascidar    cavity     (Fig. 

(clnclldf.):  u'  eicretloii  pore  it  the  end  or  i 

84).     In  tJie  first  place  the 

tenUclci/peilildlM;  if.t.  enteric  pouch;  mwill 

mouth    leads    into    a    tube 

ot  perUtome :  <  nupportlii)!  Uuiella  of  ■  ineHutei; ; 

which  projects  into  the  gas- 
trovascular  cavity,  and  opens 
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into  the  latter  at  its  lower  end.  This  tube  is  lined  with  ectoderm 
and  ia  called  the  oesophageal  tube,  or  atomodaeum  (Fig.  84  oes). 
In  the  Becond  place  there  projects  inwards  from  the  side  walls  of 
the  body  a  number  of  vertical  partitions  formed  of  folds  of  the 
endoderm  and  a  prolongatioa  of  the  supporting  lamella.  These  are 
Internally  they  are  attached  to  the  oesophageal 
tube  in  the  legion  of  that  structure, 
while  below  it  they  end  in  free 
edges  which  are  somewhat  folded 
and  thickened  and  are  called  the 
meaenterial  ridijea  and  tilametiis. 
The  mesenteries  break  up  the  enteric 


cavity  into  a  number  of  circumferential  pouches  which,  in  the  lowei 
pert  of  the  polyp,  open  into  the  central  part  of  the  enteric  cavity 
or  stomach,  but  in  the  upper  part  of  the  polyp  where  the  mesenteries 
are  attached  to  the  oesophagus  form  separate  chambers  (Figs.  S8  and 
89).  Each  of  these  communicates  above  with  the  cavity  of  a  tentacle 
(Fig.  84).  The  gastral  pouches  then  are  the  peripheral  parts  of  the 
enteric  cavity  (coelenteron)  between  the  mesenteries.  An  opening 
may  be  present  in  each  mesentery  just  below  the  oral  disc  putting 
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the  adjacent  chambers  in  commimicatioii  (Fig.  84,  c).  Between 
these  mesenteries,  whicli  join  the  oesophageal  tube  nnd  are  called 
primary  tnesenierien,  tlierc  may  be  intercalated  mesenteries  which, 
as  a  rule,  do  not  reach  the  oesoph^us  and  are  called  aeceteory 
meserUeriet.  There  are  secondaiy,  tertiary,  etc.,  accessor)'  niesenteries. 
All  the  mesenteries 
decrease  in  bread tli 
towards  the  base  of 
the  polyp  (Fig.  89). 
The  mouUi  open- 
ing is  rarely  round, 
but  usually  has  the 
form  of  a  slit,  at  tin- 
two  ends  of  which 
(or  sometimes  at 
one  end)  there  is  a 
groove  lined  with 
long    cilia.      These 

oesopluigcal  grooves 
or  ijmti'Hal  yroovef 
(tiphonoijlypkes). 
They  remain  open 
when  the  walls  of 
the  rest  of  the 
oesophagus  are  aj)- 
plied  to  one  another 
(Figs.  88  and  89). 

The  tentacles  are 
hollow,  and  may  be 
smootli  {Zoaniharia, 
Fig.  86)  or  pinnate 

86),  and  are  placed 
in  one  or  in  several 
rows.  Pores  may  be  present  at  the  tips  of  the  hollow  tentacles, 
and  on  the  side  walls  of  the  body,  in  wliich  case  they  are  called 
cinelides  (Fig.  84).  In  the  genus  Cerianihm  and  its  allies  there 
is  a  large  alural  |)ore.  The  mesenterial  thickenings  or  fllaments 
are  specially  cliaracteristic  of  the  Anfhozoa.  They  consist  of  thick- 
enings of   the  endodei-m  containing   gland-cells  and   thread-cells. 
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}  contractile  fibres — the  acontia — arise  from 
the  edges  of  the  lower  ends  of  the  mesenteries :  they  are  closely 
set  with  thread-cells  and  can  !«  protruded  from  the  lateral  pores 
{citteluleg)  in  the  contraction  of  the  polyp  and  serve  as  weapons 
of  defence  (Fig.  87). 

The  muscular  system  is  much  more  complicated  than  in  Hydroids. 
The  muscles  are  both  ectodermal  and  cndodermal.  The  ectodermal 
muscles  of  the  body-wall  (longitudinal)  are  generally  feebly  developed, 
while  those  of  the  peristomial  disc  (radial)  and  of  the  tentacles 
(longitudinal)  are  powerfully  developed.  The  endodemial  circular 
muscles  of  the  pedal  disc,  tlie  side  body-wall,  and  of  the  oesophageal 
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tube  are  well  developed.  To  tliis  system  there  is  added  a  character- 
istic and  well-develo])ed  set  of  endodermal  muscles  on  the  mesenteries. 
Each  septum  is  provided  on  one  face  with  transverse  (radial)  fibres, 
and  on  the  other  with  longitudinal  (Fig.  90).  Tlie  lowest  section  of 
the  transverse  muscles  are  often  independent  of  the  rest,  and  pass 
from  the  side  l>otly-wall  to  the  pedal  disc  (?»./).  The  longitudinal 
muscles  are  well  developed  and  cause  a  projection  on  the  face  of  the 
mesentery  (Figs.  88,  89).  While  a  nucleus  is  generally  associated 
with  eacli  of  the  ectotlemial  muscular  fibres,  the  endodermal  muscles 
are  in  close  connection  with  the  base  of  a  cylindrical  epithelial  cell. 

In  correspondence  with  the  powerful  formation  of  the  nmsculatitre, 
the  nervous  system  reaches  a  considerable  development     It  has  the 
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form  of  a  diffuse  plexus  of  much-branched  glanglion  cells,  which  are 
contained  in  both  ectoderm  and  endoderm  between  the  lower  ends  of 
the  epithelial  cella,  and  are  especially  developed  in  the  peristome, 
tentacles,  and  oesoph^ius. 

The  Antktaoa  are  almost 
always  dioecious,  rarely  her- 
maphrodite {Cej-uaUktts).  Ova 
and  spermatozoa  arise  from 
the  endodermal  cells  of  the 
mesenteries,  and  lie  in  follicles 
in  the  jelly  of  the  same  strac- 
tures.  They  cause  swellings  on 
the  faces  of  the  mesenteries, 
a  short  distance  from  their 
free  ends  (Fig.  91).  Asexual 
reproduction  by  budding  and 
fission  is  very  generally  present, 
and  often  leads  to  the  forma- 
tiou  of  colonies.  The  Antho- 
zoan  polyps  are  much  inclined 
to  the  formation  of  skeletal 
structures,  which  consist  of 
slimy  (OeriatUkus),  homy,  or 
calcareous  suhatances. 

Tlie  symmetry  of  the  Antho- 
zoan  polyps  is  almost  always  radial  The  Oclaettma  (Atcyonana) 
indicate  their  8  radiate  structure  by  their  eight  featliered  tentacles, 
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a  strictly  radiate  :iiii] 
a  bilateral  atnicture. 
The  tentacles  rarely 
Bhow  a  tendeacy    to 
the  bilateral  ansiige- 
ment,  btit  the  menea- 
teries,  as  shown 
by  the   arrange- 
ment of  the  lon- 
gitudinal muscu- 
lar   bands,     are 
generally  grouped 
in    a    bilateral 
manneT  (Figs.  88 
and  89). 

Tlie  Sc7Pbo- 
polyp  or  Bcy- 
pbiatoma  is  a 
transitional  form 
between  the 
Hydirj-  and  An- 
thoKoan- polyp. 
It  resembles  the 
hydroid    in    the 
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and  the  homy  corals  (Anti- 
patharia)  their  6-radiate  sym- 
metry by  their  six  tentacles; 
multiradiate — usually  in  a  mul- 
tiple of  six — are  the  Adiniaria 
and  stone-corals.  Nevertheless, 
hardly  a  single  anthozoan-polyp 
can  be  found  in  which  all  the 
organs  are  strictly  arranged 
according  to  one  and  the  same 
number.  Hie  fact  that  the 
mouth-opening  is  not  usually 
round,  but  slit-like,  indicates 
an  iuclinatjon  to  a  biradiate  or 
bilateral  symmetry,  and  there 
are  transitional  forms  between 


108 


COELENTERATA. 


absence  of  the  oesophageal  tube*  and  mesenteries,  but  it  recalls  the 
Anthozoan-polyp  in  the  fact  that  the  structureless  lamella  is  developed 
into  a  gelatinous  layer,  and  in  the  presence  of  gastral  ridges  (faenioleis) 
or  folds  of  endoderm  resembling  rudimentary  mesenteries,  into  which 
the  jelly  is  continued.  It  is  somewhat  cup-shaped  (Fig.  92),  and 
is  attached  by  the  aboral  end  which  is  elongated  and  narrow,  and  often 
secretes  a  chitinous  tube  for  fixation.  There  are  eight  or  sixteen 
tentacles  (Fig.  93)  round  the  mouth  supported  by  a  central  axis 
of  stiff  endoderm  cells.  There  are  four  gastral  ridges  or  taenioles 
(Fig.  94),  each  of  which  is  accompanied  by  a  longitudinal  muscle 
derived  from  the  endoderm. 

The  Medusa  is  a  free-swimming  animal,  and  consists  of  a  flattened 

disc  or  arched 
bell  of  gelatinous 
consistence,  from 
the  under  or  sub- 
umbrella  surface 
of  which  hangs 
a  central  stalk — 
the  manubHum — 
bearing  at  its  free 
end  the  mouth. 
The  greater  part 
of  the  umbrella 
consists  of  the 
jelly  or  enlarged 
structureless  la- 
mella ;  this  is 
often  traversed 
])y  i)rotoplasmic 
strands    which 

may  contain  nuclei.  In  the  normal  j)osition  the  medusa  swims — 
by  the  contraction  of  the  bell — with  its  convex  or  ex-umln^eUa  surface 
upwards.  The  manubrium  is  frequently  prolonged  in  the  region  of 
the  mouth  into  lobes  and  tentacle-like  structures,  while  the  edge  of 
the  umbrella  is  beset  with  a  variable  number  of  true  tentiicles. 


m.L 


Fio.  94.— Transverse  sectioD  through  the  middle  part  of  a  Scy- 
phistoma.  tic  ectoderm  ;  en  eudoderm ;  5  jelly  (structoreless 
lamella) ;  ml  longitudinal  muscle  ;  gxo  gastral  ridge ;  gv  enteron 
(Arom  Chun,  after  Claus). 


In  a  few  cases  the  medusae  are  attaclied  by  the  ex-unibrcUa  surface  ;  in  the 
Luccmaridae  (Fig.  134)  by  a  stylifomi  prolongation  of  the  aboral  pole  ;  in  some 
Bhizostonias  by  a  sucker-like  {)late  of  the  ex-umbrella.     Some  of  them  can  creep 

*  Gutte  asserts  that  there  is  an  oesophageal  depression  of  ectoderm  in  the 
Scyphopolyp. 
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\'f  tnesna  oF  smsll  mckera  on  their  tentoclM  {ClavattUa  proli/sra,  PtetatUhta 
oMeroida),  or  con  adhere  by  the  mctorial  action  of  tbeir  mouth  openinf^ 
iPiloffia),  »od  even  in  rare  casea  are  able  to  lead  a  pariBitic  life  {Mmstra 
j-araniiea  on  a  pelagic  snail  I^j/llirhtii  btic^Aala). 

The  contraction  of  the  bell  ia  effected  by  the  circular  muaclea  of 
the  sub-iiinbrell»  surface.  The  ejection  of  water  caused  by  tliis 
contraction  drives 
the  medusa  along. 
The  valnm  is  a  mus- 
cular membrane  at 
the  edge  of  the  bell. 
It  consists  of  a  fold 
of  ectoderm,  and 
assists  in  tlie  move- 
ment of  the  medusa 
by  elongating  the 
umbrella  cavity  and 
narrowing  its  aijer- 
ture.  When  the 
velum  is  absent  the 
margin  of  tlie  bell 
is  lobed  (Acrcutpe- 
ilofe  Meilusae,  as 
oppoeetl  to  Craspe- 
•ioie  Medusae  in 
which  a  velum  ia 
present), 

Tho  marginal  ten- 
tacles are  rarely  absent 
{Ithaotttmui) ;  occasion- 
ally there  is  only  one 
{Sleenttrtipia}  or  tno 
iAtginopiit,  Oemclla- 
ria)  i  more  frequently 
there  are  four  or  aome 
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nu tipleoffour,   Occa-         ,..  „„„.^, 
iionally  there  are  six  lelsin  '  i.ii  ■ub-utubnlla. 

or  a  multiple   of  six 

[Carmarirui,  Fig.  101);  or  the  tentacles  may  be  numerous,  in  vhich  case  they 
sre  eitlier  uniformly  distributed  round  the  edge  of  the  bell  {Tiaropnt,  Aurelia, 
Fig.  100),  or  grouped  in  bundles  (four  bundles  in  SougainvilUa,  eight  iu 
Luctmariilat,  Fig.  134,  and  in  Cyanea).  Occasionally  the  tentacles  arc  removed 
from  the  pdge  of  the  umbrella,  and  inserted  either  on  the  ex-umbrella  {Narco- 
nuduKK,   Fig.   96),  or  on  the  sub-umbrella  {Cyaneidac).     The  tentacles  are 
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usually  hollow  and 
unbrauched,  man 
rarely  they  have  ■ 
solid  endodermal  aiia 
(Nareaoudvtae,  Fig. 
96,  Taaeridat,  Spky- 
ridae),  or  are  dicho- 
tomouely  branched 
[Cladoncmidae).  Be- 
sides the  larger  main 
tenUctes  there  are 
often  smaller  inter- 
mediate tentAclea  at 
the  umbrella  edge 
{Teaatra,  Fig.  18S). 
Occmionally  the  ao- 
coBBory  tentacles  are 
confined  to  the  young 
stages  and  drop  off 
in  later  life,  or  they 
may  become  trans- 
formed into  the  mar- 
giual  bodies. 

In  the  gasttOTascnlar  Kpparatas  a  central  Btomacli  for  digestion, 
end  a  carrying  or  circulating  "j  stein  of  penpheral  canals  and  pouclies 
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can  always  be  distinguished.  The  mouth  leads  directly  (Fig.  101, 
Carmariiui),  or  by  a  tube  into  the  stomach,  and  ita  lipa  are  often 
drawn  out  into  four  grooved  processes — the  oral  arms  (Fig.  100), 
The  edges  of  the  grooves  are  often  frilled,  and  carry  small  tentacular 
filaments. 

In  Eh-aoitoma  the  Tour  arme  biCurcste  (Fig.  G7).  giving  nse  to  eigbt,  the  rrilled 
edges  of  whiub  fiiw  and  bring  about  the  cloauro  of  tha  mouth.  The  fusion  is 
not,  honever,  complete,  but  numerous  un&ll  openings  are  Urt— the  suctorial 
mouihUU,  in  which  digestion 
of  the  food  takes  place.  From 
these  openings  arise  sniKll  ves- 
sels, which  gradnaUy  uniting 
vitb  each  other  form  a  system 
of  canals  passing  up  the  oral 
arms  to  open  into  the  atomach 
(rig.  97). 

The  stomach  is  generally 
Battened,  rarely  elongated 
{Lueemaria,  FtripKyUa,  Ttt- 

sionally  it  ia  divided  by  a 
constriction  into  two  sections, 
an  aborsi  basal  section  and 
a  central  stomach  (Taiera, 
Ferieolpa,  Feriphylla  (Fig.  99), 
the  stalk  tube  of  Lucernaria). 
Oistrol  filaments  {p/utetltat) 
■re  highly  cbaracteristic  of 
the  acraspedote  medusae,  and 
recall  the  same  structures  in 
the  Anthoz/M,  as  do  the  gas- 
tral  ridges  or  toenioles,  which 
to  the  number  of  four  are 
placed  tnterradially  in  the 
basal  and  central  stomach  in 
the  Ltieenuxridat  and  Teaeri- 
dae  (Figs.  98,  SS). 

The  peripheral  part  of 

the  gnstro vascular  system 
may  appear  in  the  young 

form  as  a  continuous  dorso-ventrally  flattened  space  extending 
almost  to  the  edge  of  the  umbrella.  Later  the  dorsal  and  ventral 
walls  of  this  space  come  together  along  certain  radially  directed  lines 
and  fuse  with  one  another,  so  that  the  or^inally  continuous  apace  is 
broken  up  into  a  number  of  pouches  or  vessels,  all  leading  outwards 
from  the  central  stomach.     At  the  places  where  the  concrescence  of 
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the  two  walls  occura  the  endndeTm  epithelium  is  retained  in  the 
furm  of  n  layer  of  celb  called  the  TUcnUr  or  eadodena  lamella 
(Fig.  107). 

In  many  nieduus  these  concrescent  places  Bppe&r  as  four  small  leptal  unioKS 
ICathammala,  Fig.  98  $e).  Thej  delimitftto  four  wide  radial  pouches  of  the 
■tomach,  whicli  however  communicate  with  one  another  peripheraily  beyond  the 
nniouB  hj  a  kind  of  circular  canal. 

In  the  LucerTiaridac  and  Charybdeidae  the  septal  unions  are  extended  into 
elongated  partitions  (Fig.  08,  ic),  the  lepla,  which  delimitate  the  four  radial 
poaches  in  nearly  their  whole  extent.  But  the  septa  never  quito  reach 
the  nmbrella  edge,  so 
that  there  the  four 
canals  are  conoected 
by  a  narrow  circular 
canal.  The  gastric 
pouches  open  into  the 
stomach  bj  the  gatlrat 
oitUi  (Fig.  99  g.o). 

'When  the  four 
places  of  fusion  of 
the  dorsal  and  ven- 
tral  stomach    walls 

are  of  considerahle 
extent,  the  gastral 
jjouches  have  the 
form  of  four  nnn'ow 
radiiil  vessels :  this 
is  characteristic  of 
the  tetra-radiate 
lecting  them  peripherally 


Fin.  M.—Sect<iiiittarouvti  the  central  ■tonuchutuiierupedDtA 
IDIduu  (firtjikfaa  utnbUii).  r.g  umbnlls-Jelly ;  li/ the 
fBur  Ainneli :  gi.elaBi  stoiiwch;  /gutnl  fllinients;  t.ogtt- 
ttal  oitbi ;  rin  eIrcuUr  glnui ;  fai  ik|iU1  anions ;  >  gonidi. 

oraspedote  medusae.     A  circular  canal  c 
is  however  retained. 


In  many  ocraspedote  medusae  there  are,  beyond  and  independent  of  the  fonr 
septal  unions,  sixteen  lines  of  adhesion  between  the  dorsal  and  ventral  walls  of 
the  gastric  irauchca.  la  aomo  cases  the  four  septal  unions  are  not  formed,  and 
only  the  peiiphcral  lines  of  adhesion  appear :  in  this  way  the  more  or  less  com- 
plicated form  of  the  peripheral  gastrovascular  apparatus  of  the  Setaottomae  and 
llhixattomof  is  introihiced.  Sometinies  the  ail hesioD- lines  are  narrow  and  extend 
up  to  the  eilge  of  tlie  disc  {Felagidat,  Cyancidae),  sometimes  they  are  broad  and 
laave  a  circular  canal  at  the  periphery.  In  the  first  case  broad,  blindly -ending 
gMtric  pouches  are  formed  ;  iu  (he  latter  the  pouches  are  reduced  to  narrow 
Tcanla  which  frequently  branch  peripherally,  or  even  anastomo<ie  {Auftlia, 
Fi([.  100,  Rhitottoma). 

A  similar  branching  of  the  mdial  vessels  occurs  also  in  the  Cratpedola.  The 
a  lamella  may  become  secondarily  excavated,  and  thereby  new  radial 
li  may  arise,  vessels  dtchotomously  branching  in  a  peripheral  direction,  or 
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oentripttal  vteteta  aiiaiug  kt  the  ombrells  edge  aod  ending  bliudlj'  {CaT-marina, 
Kg.  101). 

■x«nU<m  poTM  may  be  preBent  at  the  ambrelU  edge  m  both  cnupedote  &nd 
mcrupedote  medusae.  In  the  Cnaprniota  (most  frequently  id  the  L'ptinnedtuat) 
they  are  placed  on  warta  on  the  ciicular  canal  and  open  on  the  suli  umbrella 
mrface.  The  endoderm  celts  near  the  openinf^  are  of  a  glandular  nature  and 
contain  ooncrctiona  vhich  are  emptied  through  the  pore  In  the  Amapeda 
there  are  eight  excretion  pores  at  the  distal  end  of  the  eight  adradial  canals 

The  ectoderm  ^Tbich  ia  composed  of  a  flat  epithelium  on  the  dorsal  surface, 
and  of  a  moscalar  epithelium  on  the  sub-umbrella  snrface  and  velum  la 
thickened  and  stiffened  along  certain  linea  and  oontains  a  large  number  of 
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oematocysts.  An  annular  thiclcening  of  this  kind  ia  found  round  the  nmbrella 
margin  in  some  forma  (Fig.  101),  and  similar  thickeninga  ascend  for  a  short 
distance  on  the  ex-umbrella  surface  from  the  roots  of  the  tentacles — the 
peroninmi  (Fig.  101,  )w)— and  from  the  roots  of  the  auditory  tentacles — 
the  otoporpa*  (Fig.  Sfl,  x).  Tlia  peroniums  and  otoporpas  are  continuations  of 
the  Bnt-meutioned  circular  thickening. 

The  gostroTascular  apparatus  is  lined  by  endodei-m,  which  in  placca  carries  cilia 
for  the  movement  of  the  contained  matter.  The  digestion  Beems  to  be,  partly 
at  least,  intracellalar.  The  endoderm  is  without  muscular  stnictures  and  nema- 
tocysta,  except  on  the  gastral  filaments,  which  are  actively  moveable  and  contain 
both.  Possibly  the  four  longitudinal  muscular  bands,  found  beneath  tlie  four 
Uenioles  and  septa  in  some  acraspedote  medusae,  are  of  endodermal  origin. 
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The  nervtnu  Bystem   haa  the    form  of  a   plexus  of  multipolar 
L  cells  placed  between  the  muscle-fibres  and  the  ectoderm 
cells.       In    addition    to    this    penpheral    plexus    there    are    special 
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fitions  of  nervous  tissue  in  certain  regions.  In  the  craapedote 
medusae  there  are  two  annular  nervous  tracts  in  the  eotoderm  at 
the  base  of  the  velum,  one  on  each  side  of  the  supporting  lamella 
(Fig.  102  n',  n").  They  consist  of  ganglion-cella,  nerve-fibres,  some 
of  vhich  perforate  the  supporting  lamella  to  put  the  two  rings  in 
communication,  and  of  sensory  epithelial  cells  bearing  stiff  projecting 
seneoiy  hairs,  and  ending  internally  in  fibres  which  pass  into  the 
nerve-rings. 

Id  tie  Aera^peda  there  ia  a  special  aggregation  (Fig.  103  F)  of  the  nervous 
Gasat,  of  the  lune  •tructure  as  the  cerve-tingH  of  the  Cratptdola,  round  tlie 
baaa  of  eocb  of  the  sense  tentacles  (marginal  bodies,  or  rAopnita)  \  nnd  in  the 
(^argbdtidae  there  ia  a  aab-um- 
brelU  marginal  nerve  with  a  zigzag 
Mune  oonneeting  together  these 
rodimentaij  gangUa,  \rhicb  m  the 
other  foms  are  app«rent]j  inde 
pendent  of  one  auother  Id  the 
Aeratpedata,  pits — the  H>  called 
tifaiiory  pU$ — lined  bj  a  sensoiy 
epithelium  are  found  on  the  edge 
of  the  nmhrella  above  the  marginitl 
bodies  (Fig   103  R) 

At  the  edge  of  tlie  um 
brella  ore  always  placed  special 
sense  organs — the  marginal 
bodies.  They  are  of  two 
kinds — those  which  by  their 
stracture  indicate  an  auditory 
function,  and  those  which 
indicate  a  visual  purpose.  In 
the  craapedote  medusae  they 
are  mutually  exclusive,  so  that 
we  find  ocellafe  medusae  with 
sense    organs    of    the    visual 

type  and  veeicuiate  medusae  with  sense  organs  of  the  auditory  type. 
In  the  Acra^eda  the  marginal  bodies  may  cany  oigans  of  both 
tiypes. 

The  sense  organs  of  the  anditorj  tjpe  always  contain  concretions — the 
~  Q  organic  or  iaorganic  material,  which  concretiana  arc  contained 
ro  types  of  auditory  organ  are  distinguished  according  as 
«  contaitied  in  cells  of  the  ectodenu  [Fig.  lOJ)  or  in  cells 
of  the  endoderm  (Fig.  105).  In  the  Craxpedota  we  Rod  auditory  organs  of  both 
^pca.  In  the  Leplomtdutae  tliey  consist  of  ectodermal  pits,  which  may  be 
doaed  into  vesicles,  on  the  under  side  of  the  base  of  the  velum ;  some  of  the 
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ectoderm  cells  of  the  pit  or  vesicle  cout&in  otoliths,  while  others  bear  Bensoiy 
hwTB  {Fig.  104).  In  the  other  type,  found  in  the  TnuAomcdiuM  and  Nnrat- 
vuduaat,  the  auditorj  organs  have  the  form  of  short  reduciid  tcntBclea  of  the  edge 
of  the  disc,  cotitaitiingaaolid  endodermal  axis  and  surrounded  at  their  l«9e  I >j  cells 
bearing  long  auditory  Hense  Imirs.  Tlie  otoliths  arc  contained  in  the  etidodcrm 
cells  of  the  tentacles.  These  sense  tentacles  may  project  freely  on  the  surface 
{Aeginidae,  Kig.  S61,  or  they  may  be  sunk  in  pits,  or  the  pits  may  lie  closed 
and  tliey  may  lie  in  vesicles  embedded  in  the  jelly  of  the  umbrella  (Fig.  102),  in 
which  case  they  may  be  fitly  termed  Unlaeutoq/stl.  In  both  types  tlie  hair- 
bearing  sensory  cells  are  prolonged  into  One  fibr«a  which  join  the  nerve  rings 
(Fig.  105). 
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The  ryf-spola  of  the  Crasptdota  (ocellato  medusae  or  Aiilhameduiae)  consist  of 
a  pigmented  pat(:h  of  ectoderm  cells  just  dorsal  to  the  insertion  of  the  velnm  ; 
a  lens-liko  cuticular  thickening  over  them  is  somctiniea  developed  (Lizsia). 
The  ectoderm  patches  contain  two  kinds  of  cells,  namely  peripheral  cells  with 
pigment  surrounding  some  colourless  cells,  the  bases  of  which  are  prolonged  into 
nerve  fibres. 

The  marginal  bodies  of  the  Acrtupeda  or  the  rliopalia  are  absent  in  the 
Teutridae,  and  in  most  LiKeTjiarUlae.  When  they  arc  present  they  have  the  form 
of  abort  marginal  tentacles  and  are  distinguished  from  those  of  the  Crtuptdola 
b;  the  fact  that  they  contain  a  hollow  prolongation  of  the  gastrovascular  system, 
and  ore  covered  on  the  dorsal  side  by  a  hood-like  prolongation  of  the  umbrella 
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(hence  SleganeplMalmala,  Fig.  103).  lu  some  lAUtraaritiae  tlie  roarRiUBl  bodicB 
■re  prewDt  aa  tlie  so-called  luargin&l  inchore  (Halielydia,  Fig.  134).  There  arc 
oijjlit  of  tliem,  Tour  being  imlled  redial  in  poaition,  acd  tliBotlior  four  iiittn-adial; 
tbej  are  placed  mpectivelj  Lietween  the  eight  marginal  lobes.  They  end  in  a 
■luall  ivelliDg  with  thread  cells  ;  their  middle  portion  is  aurraunded  by  a  kind 
of  collar  fonned  of  etickj  gUndalar  ectodcnn  cells,  and  on  the  sub -umbrella  side 
of  their  basal  part  ia  an  eje-aint. 

In  other  ^eratpala  the  eudoderm  at  thr  end  of  the  sense  tentaclu  i>  thickened 
u>d  leaded  with  concretions,  and  the  ectoderm  round  its  base  is  columnar  and 
proTided  with  cilia  and  aenae  hairs  (Fig-  lOS).  The  Blirillar  contiuuations  of 
thsM  cells  form  a  nerroua  network,  with  ganglion  cells,  round  the  base  of  the 
tentacle  (Fig.  103,  F). 

Visual  organs  are  sometimes  present  in  «. 

this  senaory  epithelium.     They  are  most  -*--t=^^/ 

complicatail  in  Charybdta,  nhere  there 
an  two  large  terminal  eyes  with  a  retina, 
vitreous  humour,  lens,  and  cornea. 
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SepTodnctlve  orgUlB.  Tlie  medueae  nrc  almost  always  dioecious, 
only  in  rare  coses  are  they  hcnnaphroditc  {Vhri/Mora). 

The  sexual  cells  of  the  Craejiedola  appear  always  to  arise  in  ectodemi, 
and  thoee  of  the  Aeragpeila  in  endodenn.  In  the  Ant/iomeilagae  they 
an  developed  in  the  ectodenu  of  the  manubrium  (Fig-  95}  in  four 
Todial  streaks,  each  of  which  later  splits  into  two.  In  the  other 
Craapedoia  (Leplomeilutae)  tliey  are  placed  in  the  ectoderm  of  t)ie 
Bub-umbrella  beneath  the  mdial  canals  (Fig.  IOC).  It  appears,  how- 
ever, tital  in  many  medusae  {Olielia)  the  gene^ati^'c  cells  arise  in  the 
ectodenn  of  the  manubrium,  and  then  later  iiiigmte  to  the  ecto- 
derm below  the  radial  canals,  where  they  occasionally  wander  into 
the  endoderm  and  ripen  partly  in  the  ectodenu  and  partly  in  the 
endoderm. 

In  the  Acraspeda  the  sexual  cells  arise  in  the  endodenual  walls  of 
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the  central  stomach  or  gastral  pouches.  They  are  interradially* 
placed,  and  have  the  fonn  of  four  horseshoe-shaped  glands,  which 
may  secondarily  divide  into  eiglit  adradial  halves.  In  all  cases  the 
sexual  cells  are  dehisced  into  the  enteron  and  pass  out  by  the 
mouth. 

In  connection  with  the  genital  glands  there  are  very  generally 
present  ectodermal  invaginations  in  the  form  of  pits  of  the  sub- 
umbreUa  surface.  These  pits  are  for  I'espiratory  purposes,  and 
constitute  the  so-called  sub-genital  pits  {DiscoineJusaey  Fig.  100), 
and  funnels  (Lucemariflae  and  Periphyllulae,  Fig.  98).     They  occur 

intentidially    beneath    the 
genital  glands. 

Asexual  reproduction  by 
budding  is  of  very  general 
occurrence  in  the  craspe- 
dote  medusae.  The  buds 
are  fonned,  usually  in 
groups,  rarely  singly,  on 
the  wall  of  the  manubrium, 
more  rarely  at  the  base  of 
the  tentacles,  on  the  cir- 
cular canal,  or  on  other 
places.  In  the  Narco- 
medusae  the  budding  is 
confined  to  larval  life, 
when  a  bud-nurse  is  formed 
which  attaches  itself  para- 
sitically  to  other  Medusae. 
As  hinted  often  in  the  above  description  the  medusae  fall  into  two 
well-marked  divisions,  viz.,  into  the  Craspedota  and  Acraspedota 
(Acraspeda)  or  Acaleplme.  Since  the  celebrated  discovery  of  the 
alternation  of  generations  in  the  medusae  by  Sars  we  have  known 
that  the  former  are  budded  off  by  Hydroid-polyps,  the  latter  by  the 
Scypho-polyp  or  Scyphistoma. 

The  Craspedote  Medusae  are  distinguished  by  the  following 
characters :  a  smooth  umbrella  edge ;  a  muscular  velum,  without 
endmlemi;  a  double  nerve-ring;  gastral  filaments  and  taenioles  are 

*  In  describing  a  Scyphomedusa  it  is  usual  to  speak  of  eight  primary  radiL 
These  are  the  radii  of  the  marginal  bodies.  These  eight  primary  radii  are  further 
distinguished  into  four  perrmii  and  four  interradii.  The  oral  arms  lie  in  the  four 
perraaii,  and  the  gastral  ridges  and  gonads  in  the  four  interradii.  The  adradii 
are  the  eight  radii  between  the  eight  primary  radii. 


Fio.  106.— PAiaZwiiiim  variabih  represented  from  the 
under  side  of  the  umbrella.  V  velum ;  0  mouth  ; 
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absent ;  sexual  cells  arise  in  the  ectoderm  of  the  manubrium,  or  along 
the  radial  canals ;  they  are  rarely  developed  directly  from  the  egg. 

The  Acraspeda,  on  the  other  hand,  have  a  lobed  umbrella  edge  and 
no  double  nerve  ring;  the  marginal  sense  bodies  are  always  tentacular 
in  form,  and  contain  a  prolongation  of  the  gastrovascular  system; 
gastral  filaments  are  always  developed  on  the  stomach  wall,  and 
taenioles  are  generally  present ;  the  sexual  cells  are  endodermal,  and 
the  development  is  either  direct  or  by  fission  from  a  Scypho-polyp. 

Connection  between  the  Polyp  and  the  Medusa.  The  medusa 
is  very  generally  produced  by  budding  from  a  polyp,  although  in 
certain  orders  it  does  rise  directly  from  the  egg.  For  a  long  time 
it  was  considered  a  remarkable  circumstance,  hardly  admitting  of 
a  satisfactory  explanation,  that  organisms  which  differed  so  widely 
as  polyps  and  medusae — they  had  indeed  been  systematically  separated 
in  different  classes — should  only  form  different  stages  in  the  life- 
history  of  a  single  cycle  of  development.  The  theory  of  "Alternation 
of  Generations"  contained  only  a  description  of  the  matter,  and 
offered  no  explanation.  The  discovery  of  the  mode  of  origin  of 
the  medusa  as  a  bud  on  the  body  of  the  polyp  first  clearly  demon- 
strated the  direct  relation  of  the  two  forms;  for  it  proved  that  the 
medusa  is  a  flattened  disc-shaped  polyp  with  a  shallow,  but  wide 
gastric  cavity,  the  peripheral  part  of  which  has,  by  the  fusion  (Fig. 
107,  c)  of  its  upper  and  lower  walls  along  four,  six,  or  more  radiating 
areas,  become  divided  into  the  vascular  pouches,  or  as  they  are  often 
called,  radial  ctnals.  The  differences  consist  mainly  in  the  presence 
of  the  oral  cone  or  hypostome  of  the  polyp  as  a  well-marked  external 
appendage,  the  manubrium;  in  the  enlargement  of  the  oral  disc  to 
form  the  muscular  sub-umbrella  surface  (Fig.  107,  c,  S);  in  the 
collapse  of  the  coelenteron  (leaving  the  endoderm  lamella)  above 
referred  to;  and  in  the  greater  development  of  the  nervous  and 
muscular  systems  in  connection  with  the  free -swimming  habit  of 
life.  To  these  may  be  added  the  thickening  of  the  structureless 
lamella  between  the  dorsal  endoderm  and  ectoderm,  to  form  the  jelly- 
like tissue  which  is  so  characteristic  of  medusae. 

As  stated  above  the  medusa  is  generally  produced  by  budding  from  a  polyp- 
colony,  bat  however  produced  it  always  develops  the  generative  cells.  For  this 
reaaoD  it  is  frequently  called  a  gonophore.  This  name,  though  not  employed  when 
the  polyp  stage  is  unimportant  {Acal^hae)  or  absent  (some  AcaUph<u,  Tracho- 
meduaas,  etc.),  is  applied  to  all  medusae  or  medusa-like  organisms  which  are 
produced  by  budding  from  a  polyp.  Typically  a  gonophore  becomes  detached 
from  its  origin,  and  as  a  free -swimming  medusa  distributes  the  generative 
products  far  and  wide ;  but  in  some  colonies  the  gonophore  does  not  become 
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detached.  In  such  cases  it  may  acquire  the  full  development  of  a  medusa,  but 
more  often  its  development  is  not  complete,  and  a  degenerate  medusa— or  aa  it 
is  often  called,  a  gonophore  with  concealed  medusiform  structure — is  produced. 
These  degenerate  medusae  {hedrioblasUt  adelocodonic  gonophorts^  medusoids^  as 
they  are  variously  called)  vary  considerably  in  structure  from  the  stage  of  an 
almost  perfect  medusa,  to  a  stage  in  which  they  consist  of  little  more  than 
a  bud  containing  the  generative  cells  (sporosacs). 

The  Ctenophore.  The  description  of  the  fundamental  form  of  the 
Ctenophora  will  be  more  conveniently  dealt  with  under  the  descrip- 
tion of  the  class  (see  below,  p.  197). 


Fio.  107.— Diagraniinatic  longltadinal  sections  of  a,  a  hydroid  i>olyp,  and  b,  c,  a  medusa. 
Section  b  passes  througli  two  radial  canals,  section  c  between  two  radial  canals.  0  month; 
T  tentacle ;  M  ent«ron  ;  Kk  ectoderm  ;  Eh  endodenn  ;  Rde  radial  canals ;  Jte  circular  canal ; 
vel  velum ;  Op  \*ascular  or  endoderm  lamella  ;  S  sub-umbrella ;  U  umbreUa. 

Asexual  reproduction  by  budding  and  fission  is  very  widely  spread. 
It  is  found  in  all  groups  with  the  exception  of  the  Ctenophora,  and 
it  frequently  leads  to  the  formation  of  colonies,  the  component 
members  of  which  are  in  Iwdily  continuity.  In  most  cases  both 
layers  of  the  Ixwiy  wall  particii>ato  in  this  mode  of  reproduction, 
but  it  has  recently  l>een  asserted  that  the  ectoderm  alone  participates 
in  the  gonimation  of  the  buds  of  Hydra;  and  in  the  so-called 
8j)oro(jorif/y  which  is  found  in  some  Xarcomedusaey  a  single  ovum-like 
cell  of  the  body  litis  the  power  of  reproducing  the  whole  organism. 
The  latter  should  j>erhaj)s  Ix;  reganled  as  a  case  of  {mrthenogenesis 
wliich  otherwise  has  not  been  ol)served  in  the  Coelenterata,  With 
this  phenomenon  of  asexual  reproduction  must  be  connected  the 
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power  of  regenerating  lost  parts — a  property  which  is  probably  widely 
diffused  in  the  CoelerUerata,  and  reaches,  perhaps,  its  highest  expression 
in  Hydra.  The  smallest  pieces  into  which  the  body  of  Hydra  can  be 
cut  are  able  to  reproduce  the  whole  polyp. 

In  the  asexnal  reproduction  budding  and  fission  may  achieve 
results  varying  from  the  complete  formation  of  a  new  individual 
which  separates  from  the  i>arent,  to  the  mere  repetition  of  a  portion 
of  the  growing  organism,  which  remains  attached  to  the  parent. 
As  an  instance  of  the  one  extreme  we  may  mention  Hydra;  of  the 
other,  the  Sipkonopkora ;  and  between  these  two  extremes  wo  have 
the  colonial  Hydromedueae  and  Anthozoa. 

In  Hydra  the  whole  organism  is  reproduced ;  in  the  Hydromedusan 
colonies  the  whole 
parent  except  the 
rooting  portion  or 
kydmrhiza ;  In  the 
Maeandrine  Corals 
the  reproduction  is 
confined  to  the  oral 
disc  and  stomodaeuni, 
and  perhaps  a  few 
tentacles  and  mesen- 
teries; finally,  in  the 
Sipkonopkora  the 
manubrium  of  tbe 
parent  Medusa  (or 
polyp,  according  to 
the  view  taken)  may 
produce  almost  any 
portion  of  an  entire 
oiganiam  from  an  um- 
brella to  a  tentacle. 

Connectetl  with  this  asexual  reproduction  are  two  important 
phenomena  which  must  shortly  be  referred  to  here.  The  one  is 
polymorphism,  and  the  other  al/emafion  of  ijetierafionn.  In  the 
colonial  CoeJenterata  tbe  individuals  associated  in  the  colony  are 
rarely  oil  alike  in  structure.  A  certain  number  have  one  form,  others 
another  form,  and  with  tliia  difference  in  form  is  often  associated  a 
difference  in  the  part  which  they  resi>ectively  play  in  the  life  of 
the  colony.  As  an  instance  we  may  take  the  Tubularian  colony 
called  Podocoryne  (Fig.  108).     Here  from  a  creeping  coenosark  or 
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hydrorhiza  arise  several  individuals,  some  of  which  are  ordinary 
polyps,  with  a  mouth  and  tentacles;  others  are  polyps  lacking  the 
mouth  and  tentacles,  and  acting  as  defensive  organs  for  the  colony 
(the  dactylozooids) ;  others  again,  while  lacking  the  mouth  and 
possessing  only  vestiges  of  tentacles,  have  the  property  of  budding 
off  the  gonophores  or  sexual  members  of  the  colony — these  are  the 
blastostyles,  and  the  sexual  individuals  they  produce  are  imperfectly 
developed  medusae,  which  characterize  this  particular  species.  In 
some  species  the  medusa  acquires  a  complete  development,  and 
breaking  away  from  the  colony  swims  in  the  sea  and  distributes 
its  products  far  and  wide. 

The  phenomenon  of  alternation  of  generations  depends  upon  the 
fact  that  in  many  Hydromedume  and  Acalephae  the  fertilized  ovnm 
gives  rise  to  an  organism  (the  polyp)  which  can  produce  buds, 
but  not  ova  and  spermatozoa.  Some  of  the  buds  become  Medusae 
or  medusa-like  individuals  in  which  the  sexual  elements  are  formed. 
This  kind  of  alternation  of  generations  in  which  a  sexually  repro- 
ducing generation  succeeds  one  or  more  generations  of  asexual  forms 
is  called  metagenesis. 

The  ovum  is  generally  fertilized  outside  the  parent,  but  in  some 
Anthozoa  the  fertilization  and  the  early  stages  of  development  take 
place  in  the  enteric  cavity.  In  many  forms,  particularly  amongst 
the  Medusae,  all  the  individuals  of  the  same  species  discharge  their 
eggs  at  the  same  time  of  day,  but  this  time  may  alter  slightly 
according  to  the  time  of  year.  It  is  remarkable  that  in  the  most 
nearly  allied  species  the  eggs  are  discharged  at  the  most  different 
times.  It  has  been  suggested  that  this  is  an  arrangement  to  prevent 
the  crossing  of  closely  allied  species. 

Almost  all  Coelenterates  are  marine.  Hydra,  Mierohydra,  Cordy- 
Iqphora  amongst  polyp  forms;  and  Limnocodium,  found  in  the 
Victoria  Regia  tank  of  the  Royal  Botanical  Society,  London,  and 
Ldmnocnida  from  Lake  Tanganyika,  amongst  Medusae,  are  the 
most  striking  of  the  few  fresh-water  members  of  the  group.  The 
polyps  and  jwlyp  colonies  are  for  the  most  part  attached  to  foreign 
bodies  and  lead  sedentary  lives,  while  the  Medusae,  Siphonqphora, 
and  Cfenopliora  are  free-swimming  pelagic  organisms,  striking 
for  their  beauty  and  for  the  extreme  fragility  and  transparency 
of  their  tissues.  Many  of  them  are  phosphorescent.  The  greater 
number  are  littoral  or  pelagic  in  habit,  but  a  few  forms,  often 
characterized  by  important  peculiarities  of  structure,  are  from  the 
deep  sea. 
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A  few  are  parasitic,  e,g,t  Polypodium  hydrifomie  parasitic  in  the  young  stage 
in  the  ova  of  the  Sterlet  {Acipenser  ruthenus),  (Ussow,  Ann.  and  Mag.  N.  Hist. 
(5),  18, 1886) ;  and  Mnestra,  a  medusa  parasitic  on  Phyllirhoe. 

The  few  fossil  fonns  known  belong  for  the  most  part  to  the  corals, 
the  hard  tissues  of  which  have  left  traces  in  the  rocks  of  most  periods. 
There  are  traces  of  Medusa  remains  in  the  Solenhofen  slates,  and  the 
Graptolites  of  the  Cambrian  formation  may  possibly  have  been 
hydroid  colonies,  resembling  the  Serttdartdae, 

The  following  table  shows  the  classification  of  the  CoelentercUa 
adopted  in  this  work  : — 


Order  1. 
2. 
8. 


ft 


Bab-phylum  I.    CHIDABIA. 

Class  I.    HYDROMEDUSAE 

(CRASPEDOTA). 

HrDRIDA. 

Hydrocorallinae. 
tubulariab. 

Anthomedusae. 
Campanulariae. 

Leptomedusae. 
Trachomsdusae. 
Narcomedusas. 

7.      SiPHONOPHORA. 

Class  II.    ACALEPHAE 

(ACRASPEDOTA). 
Order  1.    Sctphomedusab 

(Tetrameralia). 


t$ 


tt 


>> 


»f 


ti 


4. 

5. 
6. 


'   Class  II.    ACALEPHAE— C^<tiiu<d. 

'  Order  2.    Ephyroniae 

(Octomeralia). 

ANTHOZOA 

RUOOSA 

(Tetracoralla). 
Algyonaria 

(Octactinia). 
zoantharia 

(Hexactinia). 


Class  III. 
Order  1. 


9} 


II 


8. 


Snb-pliyliim  n.    CTBHOFHOSA. 

Class  CTENOPHORA 
Order  1.    Tentaculata. 


I) 


2.      NUDA. 


Sub-phylum  L    ONIDARIA. 

Codenteraia  with  threcul-cdls. 

It  is  on  the  whole  convenient  to  use  the  characteristic  thread-ceUs 
to  divide  the  CoelentercUa  into  two  sub-phyla — the  Cnidaria  and 
Ctenophora — although  it  must  not  be  forgotten  that  these  structures 
have  been  observed  in  one  Ctenophore,  and  are  found  outside  the 
limits  of  the  Coelenterata  altogether  (PlcUyhdmintlieSy  MoUusca^ 
Protozoa). 

dass  I.     HTDBOMEDUSAE  (CBASPEDOTA).* 

Cnidaria  in  which  the  medusa  has  a  velum  ami  the  polyj)  is 
icitJunU  gastral  ridges  or  filaments. 

This  class  includes   polyps;   colonies  of-  polyps,  which  produce 

*  The  Hydromedusae  coincides  with  the  old  group  ffydrozoa,  excluding  the 
Aealephae,  It  appears  convenient  to  place  the  latter  in  a  separate  class  to  mark 
their  intermediate  position  between  the  Hydrmnedusae  and  Adinozoa, 
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medusae  or  modified  medusae  by  budding;  aud  medusae  which 
arise  directly  from  the  egg.  The  polyps  are  generally  attached 
permanently  to  foreign  bodies,  and  are  of  small  size;  but  in  the 
Siphonophora  the  whole  colony  is  free-swimming.  The  medusae 
are  also  of  small  size  and  possess  a  velum.  When  skeletal  structures 
are  present  they  consist,  as  a  rule,  of  a  more  or  less  homy  secretion 
of  the  ectoderm  (jierieark).  In  one  order,  however,  tlie  secretion 
is  calcareous  (ffy/lroeoralUnae). 

The  colonies  very  often  present,  in  a  well-marked  manner,  the 
phenomenon     of    polymorphism,    and    in    describing    the    various 


mfbsr  H< 
pmichnl 


'DeTtlopmetil  of  bjrdmid  polyp*  (htitii  Chun,  I  und  II 
iKhnlkolT,  III  tfter  Alliiiin).    I.  Young  larvi  of  ClgUa 

■li  lioun  ifUr  itUchDient.    rl:  eclodenii :  m  ndiiUy 

tDdoilenn  (rudlRieat  of  bj'drothiu):  g  enlcric  space-, 
idilcal  prqjwtion  which  connituUi  the  hydroe»iilM. 

ere-l  dlK  froni  which  the  cylioilricnl  hydrocmalun  pro-     | 

iBinitoaTiU  »te  prenent  Id  the  Ktodenn.      III.  OW«r 

EuiUadrluni  mnuoiM ,'  Cho  hyilroaiiluB  1iivh1«[  bjr  tb> 

•  perlurk  (rli)  pnijeeti  miiii  the  dlncoidul  hydrorhlaj  ■  bydrocftdislla  wlUi  ■ 

ur  circlet  (i)  hu  been  developed  at  the  free  end  of  the  hydroeiuluB ;  the  moath 


modifications  which  may  be  present  it  will  be  convenient  to  explain 
some  of  the  more  common  terms  which  are  used  in  the  cumbrous 
and  complicated  nomenclature  of  the  group. 

Tlir  fertilized  ovum  very  generally  gives  liso  to  an  ovirorm  free-Hiciiiiliiilig 
larva — tlie  plannla  (I)alyell*),  couqistinfi  of  aa  outer  layer  of  ciliated  ectodemi 
and  an  inner  liolluw  iiioss  of  eniioderm.  After  a  sliort  time  it  losea  its  cilia  and 
secretPB  a  tljin  cuticular  covering — the  iiTiwrk — and  hieuonjea  attached  by  one 
end  (Fig.  109).     The  fii/e  end  eloiigatca  and  de\eloji9  a  terminal  mouth  and 


*  Sir  J.  Graham  Dalyell,  Bi'rc 


Kndn 


iiirkabU  Aninuil)  c^  Scotland,  London, 
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tenUclea,  wbile  tbt  atbulied  onil  oilen  spreads  iUflIf  into  a  discoidal  root 
(Fig.  109),  the  hydrorhita.*  This  U  the  Grat  polyp.  The  froe  upatandiog 
pordon  is  coirectlj 
termed  the  ky- 
dratUh,  though  the 
word  polyp  is  aonie- 
timea  loosely  ap- 
plied to  it-  The 
hydnmth  elongates 
and  begina  to  bud, 
and  two  parts  be- 
come  distinguish- 
able in  it — a  ter- 
minal part  called 
the  polyp-head  or 
hydroeqahalia  with 
the  mouti]  and  ten- 
tacles, and  a  lower  juirt  uith 
the  buds,  the  stem  nr  timo- 
aart.  The  buds  leiigtlifii, 
remain  attached  to  tlio  [lari^iit. 
and  themselves  become  diilbr- 
entialed  into  hydroce]jliali-i  and 
coenoaark.  The  whole  loloiiy 
of  bydtanths  thus  fonufld  is 
called  the  hydroKn-in.  The 
term  hydrvphgton  teenss  to  tie 
applied  to  the  coeno^uik  gilus 
hydrorhiza,  while  hyi/rof"tiliiai 
appears  to  be  synonynioiia  with 
coeuosark.  In  some  JbmiB  Che 
porisark  does  not  extcn<!  on  to 
the  poljp-head  but  sln\)3  slinrt 
at  its  luse ;  in  others  it  is  con- 
tinued round  the  polyp-head 
as  a  cop — the  hydroUimi  [Fig. 
114),  which,  howevi 
off  from  the  polyp,  being  only 
connected  with  it  by  pBtudo- 
podial  prolon^tioni  of  the 
ectoderm.  The  polyp-head  tan 
■brink  into  the  hydrutlipua  fur 
protaction.  Some  of  tliv  1>ikIb 
CMmed  by  the  colony  develop 


a.  IID.—Qonsngfiin: 


■n).    M 


•  The  hydrorhiza  has  some-  biMtortyle ;  iiW  ro 

times  the  form  of  a  branching  cii]umorganangtuni;ii9'->bn(ld<i]gKOnopboreB 

and    anastomosing    tube,    from  (hedriohlmits):  ra«'' hdirloblast  with  plsnnlie 

which  the  hydranths  arise  by  pi;  nur'hcWoblast  with  ova  lu  msniibriiini. 

budding. 

+  The  coenosark  or  hydrocsulus  is  said  to  be  fascicled  or  polysiphonu:  when  it 
is  composed  of  severaJ  adherent  tubes,  monosiphouic  when  conaisCiug  of  a  single 
tube. 
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into  nieduaoe  vhich  become  free-swimming,  or  mahuoidt  which  >re  imperfectlj 
develo[ied  nieduaae  and  do  not  1>ecoine  Tree.  These  medusae  and  mediuoida  are 
called  the  goHophora  liecsuw  the  gonada  are  contained  in  them.  A  pkanero- 
eorlonie  gouophore  ia  a  free  -  swimming 
medusa,  and  tB  sometim«s  termed  a 
planobUut  i  an  adtloeadonie  gonopbors  is 
a  mednsoid,  and  ia  sometimes  called  a 
hedriobloH.  Sometimes  the  gooophora 
are  budded  onl;  from  special  hjdranths, 
which  are  then  modified  by  the  absence 
or  iliminution  of  size  of  the  tentadca 
and  mouth.  Such  a  proliferous  hydrantb 
is  a  bUittottglf-  In  the  farms  with 
h^drothecae,  the  bjdrotheca  of  the 
btastostyle  forms  a  chitinooB  captnle 
encloaing  the  hlaatoatyle  and  go&ophorcs ; 
it  is  called  the  gomuigiwm  or  gonoAeta 
(Figs.  110, 114).  Colonies  with  gonajigia 
are  called  caiyptMatlK ;  those  without 
gymnoblnslic.  Tlie  word  zooid  or  perunt 
is  sometimes  applied  to  any  individaal 
of  a  colony,  nhether  hydrantb,  gODO- 
phore,  or  lilaatoitjie,  etc.  Trv^wmmu 
means  the  entire  ssseroblage  of  zooids 
which  are  concerned  with  the  nutrition 
of  the  colony,  i.e.,  all  the  hydrantbe ; 
gmoaojnt  the  entire  assemblage  of  looids 
which  are  concerned  with  the  sexual 
reproduction  of  the  colony,  i.e.,  all  the 
gonophores.  A  dadylmaoid  or  tpiral 
moid  ia  a  hydrantb  withont  or  with 
reduced  mouth  and  teutjulea,  specialty 
developed  in  soms  genera  {Hydmdiifia 
and  Fodocaryne,  Fig.  108)  for  defensive 
purposes.  A  nematopiWTe  (tnadio-polgp, 
gnard  -  polyp,  tarcoUyU)  ia  a  apecial 
alalked  projection  of  the  coenoaark  fooitd 
in  tbc  Flumularidae  (Fig.  111).  It  con- 
aista  of  ectoderm,  which  contains  thread- 
cells  and  ia  highly  amoeboid,  and  of  a 
solid  axis  of  endoderm  ;  the  whole  ia  en- 
closed in  a  thcca  {tanetheea)  of  perisark. 
Nema  top  bores  are  probably  nutritive, 
catching  food  as  an  Amoeba  does,  by 
the  (HGudopodia  of  their  ectoderm. 

Bydroctadiujn  is  a  special  term  applied 
to    the    liydrotheca  -  bearing    brancbea 
IramuU)  of  tlie  coenosork  of  Plumuln- 
Fhylattecarpa  are  s)i«cially  modified  hydroetadia  bearing  gonangja  u 
well  as  ni'iuatopbores  anil  sometimes  hyilrothccoe  ;  they  often  develop  protective 
branches— the  watoc— which  form  the  walls  of  an  open  basket-work  and  enclose 


Fin.lll.— .^nffmiKfarfan. 
(h  ydroeladi  um)  of  colon. 
uid  Deniatophnrei  (ftoiii  Chan,  aiwr  All. 
nun).  iieit>'ni]«il,j>'ietiHl«<lbydnn<1i; 
II,  fi!ID?iiilU)pbores;  r  ciwionark  (hfilro- 
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the  gonaDgia.     When  the  costae  ore  well  developed  and  the  hydrothecae  are 
suppressed^  the  phylactocarp  is  called  a  corbula  {Aglaophenia), 

The  generative  cells,  though  nearly  always  ripening  in  and  discharg- 
ing from  the  ectoderm  of  gonophores,  make  their  first  appearance  in 
a  great  variety  of  places :  in  the  ectoderm  of  the  free  Medusa,  in  the 
endoderm  or  ectoderm  of  the  fixed  gonophore,  in  the  ectoderm  of  the 
coenoeark,  near  or  remote  from  the  budding  gonophore,  or  even  in 
the  endoderm.  But  wherever  they  arise  they  eventually  migrate — 
passing,  if  necessary,  through  the  structureless  lamella — to  the  gono- 
phore, in  the  ectoderm  of  which  they  are  generally,  though  not 
always,  contained. 

The  Hydromedusae  feed  chiefly  on  animal  substances,  and  Hydra 
possesses  chlorophyll  bodies  in  its  endoderm.  Whether  these  are 
chloropliyll  bodies  like  those  of  plants  or  symbiotic  Algae,  like  those 
of  BadtolariOy  seems  uncertain.  The  free-swimming  M&iusae  and 
Siphonophora  are  phosphorescent.  With  a  few  excei)tions  they  are 
marine  organisms. 

Order  1.     HYt)RiDA. 

Solitary  polyps  without  imdusoid  Imds,  Both  generative  products 
are  developed  in  the  ectoderm  of  the  polyp. 

In  this  order  colonies  are  not  formed,  and  there  are  no  medusoid 
individuals.  The  generative  cells  are  produced  by  the  ectoderm  of 
the  polyp  itself.  There  is  only  one  genus.  Hydra  L.,  the  fresli- 
water  polyp. 

The  genera  Protohydra  Greelf,  and  Microhydra  Potts,  are  possibly  allied  here. 
Protohydra  is  marine,  and  reproduces  by  transverse  fission.  Microhydra  is  fresh- 
water, and  invested  by  a  coat  of  mud.  Both  genera  are  without  tentacles,  and 
the  sexual  reproduction  is  unknown. 

Order  2.     Hydrocorallinab.* 

Colonial  Hydroviedusae  rxmsisting  of  a  meshwork  of  coenosarcal 
canals^  the  ectoderm  of  which  secretes  a  hard  cnkareotcs  matter  filling 
up  the  spaces  of  the  meshwork.  Polyps  of  ttco  forms,  gastrozooids 
ami  cUictylozooiils,  Gonophores  of  the  form  of  rudimeidary  medusae 
are  generally  present. 

For  a  long  time  the  position  of  the  Hydrocorallinae  was  uncertain. 
L.  Agassis  first  suggested  that  Millepora  was  not  an  Anthozoon  but 
a  Hydroid,  but  it  was  not  until  Moseloy  had  worked  out  the  anatomy 

*  H.  N.  Moseley,  **  Report  on  Corals,"  Challenger  Reports,  vol.  2.  S.  J. 
Uickson,  "The  Medusae  of  Millepora  Murrayi,  etc/'  Q.J.  M.S.,  vol.  32.     1891. 
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of  the  aoft  parts  of  thia  genua  a»d 

of  tlie  Stylasleridae,  that  the  Hydro- 
medusan  affinities  of  these  animals 
were  clearly  proved,  and  that  the  order 
Hydrocorailinae  was  definitely  estah- 
lished. 

The  colonies  have  the  form  of 
encrusting  or  arborescent  masses  con- 
aistiiig  of  a  network  of  coenosai-cal 
canals  (Fig.  113)  permeating  a  hard 
calcareous  sttpport  caUed  the  eOeno- 
Bleuni.  The  canola  consist  of  ectoderm 
and  enduderm,  and  the  coeno3t«um  is 
cunucira;  iUub«  (nitat  Mowiey). '  calcareous  matter  secreted  by  the 
ectoderm  and  comparable  to  the  peri- 

Bork  of  other  Hydroid  colonies.     From  the  surface  of  the  colony 

which  is  covered  by  a  layer  of  ectoderm  the  jwlyps  project.     They 

are  of  two  kinds — qanfro- 

zooids  with  a  mouth  and 

tentacles,   and    more    nu 

meroiiR  dartytoz  « i  /»  (I  ig 

112)     with     or     without 

tentacles,    but  nlwajt 

without  a  mouth      They 

are  lodged  in  i  ita  or  calj 

cles  excavated  in  the  sur 

face   of    the    coenosteum 

and  lined  by  n  continuation 

of  the  surface  ectoderm 

The  relation  of  the  surfoce 

ectoderm  to  the  ectoderm 

of  the  i>olypB  and  of  the 

canals  is  not  known.    The 

polj-ps  of  tlie  two  kinds 

are  either  scattered  irregii 

iarly  over  the  surface  of 

the    colony,    or    gathered 

into  groiii>s  nioi-e  or  U"ta 

r^ular,  in  each  of  which 

a  centrally  placed  gastro- 

zooid  is  surTOunded  by  a 


Fia  113  — ^e^tlclll  wetlon  thnjoghigronpof  ral 
moiiln  of  All  pans  prof  xda  (ifler  MoHit)'),  DZ  dur 
t^lozooidH.  F  CAl>clea  or  dactyloroohlB  sepimt«d  b; 
pHudompUi  Z  gutroiinld  giving  oir  cuAlu  wlilcl 


gouozoolil  (gonophiHiX 
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ring  of  dactylozooids.  The  cavities  of  the  zooids  communicate  with 
the  coenosarcal  meshwork  by  large  canal  oflfsets.  Gonophores  having 
the  form  of  rudimentary  medusae  are  developed  on  the  coenosarcal 
tubes,  and  are  often  lodged  in  special  ampullae  of  the  coenosteum. 
The  tentacles  generally  possess  knobbed  extremities  armed  with 
thread  cells.     From  coral  reefs  and  warm  seas. 

Fam.  1.  Xilleporidae.  Coenosteum  arborescent  or  encrusting,  composed  of 
a  thin  superficial  living  layer,  lying  upon  dead  layers  of  former  growth.  Pores 
without  styles,  but  divided  by  tabulae  marking  the  successive  layers  of  growth. 
I>actylozooid8  with  knobbed  tentacles.     Millepora  L. 

Fam.  2.  Stylasteridae.  Coenosteum  arborescent,  with  a  strong  tendency  to 
assume  a  fan-like  form,  and  to  the  development  of  the  pores  on  one  face  only 
or  on  the  lateral  margins  of  its  branches.  In  some  genera  a  superficial  layer 
only  of  the  coenosteum  is  living,  in  others  nearly  the  entire  mass  retains  its 
vitality.  Fores  with  tabulae  in  two  genera  only.  Gastropores  provided  with 
a  conical  calcareous  projection — the  style — at  their  bases.  Pseudosepta,  arising 
from  the  partial  confluence  of  the  dactylopores  and  gastropores,  sometimes 
present.  Dactylozooids  without  tentacles.  Colonies  dioecious.  Found  in  all 
seas  in  shallow  and  deep  waters. 

Sporadapora  Moseley ;  Pliobothrus  Pourtales ;  Errina  Gray ;  Distichopora 
Lamarck ;  Labiopora  Moseley ;  Spinipora  Moseley ;  Allopora  Ehrenberg ; 
Stylcuter  Gray  ;  Sttnohelia  S.  Kent ;  Conopora  Moseley  ;  j4 stylus  Moseley  ; 
CryptoKelia  M.  Edw.  and  Haime. 

Order  3.     Tubulariab*  (Gymnoblastea). 

Without  hydrothecae  and  gonangia.  Polyps^  when  more  titan  one, 
forming  permanent  colonies.  Generative  imlividuah,  tchen  set  free, 
are  Anthomedusae, 

The  Tubulariae  are  almost  all  colonial  (the  Corymorphinae,  Myrio- 

tJielOy  etc.,  are  solitary),  and  they  all  produce  medusoid  gonophores 

by  budding.      The  gonophores  are  either  set  free  as  Medusae,  or 

only  become  partially  developed  as  medusoids,  with  rudiments  of  the 

medusan  organs,  e.g,;  manubrium,  gastro vascular  canals,  and  marginal 

tentacles.     The  Medusae  have  ocelli,  and  their  gonads  are  in  the 

manubrium. 

Section  1.    Tnbnlarinae. 

Colonial  forms  with  a  perisark  destitute  of  investing  layer  of  coenosark. 

Fam.  1.  Clavidae.  Polyps  with  scattered  filiform  tentacles.  Clava  Gmelin  ; 
Cordylophora  Allm.,  fresh  and  brackish  water;  Tubiclava  AUm. ;  Mercna 
Norman  ;  Bhizogeton  Ag. ;  Clavula  Wright ;  Dendroelava  Weissman  ;  Campani- 
clava  Allm. ;  Corydendriuin  v.  Ben. 

*  G.  J.  Allman,  A  Monograph  of  the  Oymnohlastic  or  Tuhularian  Hydroids^ 
Ray  Society,  1871.  G.  J.  Allman,  **  Report  on  the  Hydroidea,"  Pts.  1  and  2 
ChaUtnger  Reports,  1888  and  1888.  T.  Hincks,  A  Monograph  of  the  British 
Hydroid  Zoophytes,  London,  1868.  £.  Haeckel,  Monographie  der  Medusen, 
Jena,  1879. 
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Fam.  2.  CrOrjiiida«.  Polyps  with  scattered,  more  or  less  spirally  disposed, 
capitate  tentacles.  Coryne  Gartner;  Actinogcnium  A  11m.;  Syncoryne  Ehrb. ; 
Gym^uKoryiu  Hincks  ;  Gemmaria  McCrady. 

Fam.  3.  BongainTillidae.  Hypostome  not  abmptly  differentiated  (conical). 
Tentacles  filiform  in  a  single  circle  round  the  1)ase  of  the  hypostome.  Bomgain- 
villia  Lesson ;  Perigonimus  Sars  ;  Bimeria  S.  Wright:  Dieoryne  AUm. ;  Styladis 
Allm. ;  AtractylU  S.  Wright ;  Diplura  Green ;  Hydranthea  Hincks ;  CumisUi 
S.  Wright ;  Helerocordyle  Allm.;   Wrigktia  AUm.;  Garveia  S.  Wright- 

Fam.  4.  EudendridM.  Hypostome  abmptly  differentiated  from  tlie  body 
(everted).     Tentacles  filiform  in  a  single  row.     Eudendrium  Ehrb. 

Fam.  5.  Fennaridae.  Polyps  with  filiform  and  capitate  tentacles.  Pennaria 
Goldfoss  ;  Halocordyle  AJlm. ;  Stauridium  Duj. ;  Vortidava  Alder  ;  ffeterasU- 
phanus  Allm. ;  Acharadria  S.  Wright ;  Aeaulis  Stimpson  ;  Cladonema  Di^. 

Fam.  6.  Cladoeorynidae.  Polyps  ^ith  simple  and  ramified  capitate  tentacles. 
Cladocoryne  Rotch. 

Fam.  7.  Clayatellidae.  With  simple  capitate  tentacles  in  a  single  row. 
Clavalella  Hincks. 

Fam.  8.  Tnbnlaridas.  Polyp  with  a  proximal  and  distal  row  of  simple 
filiform  tentacles.     Tubularia  L. ;  Hybocodon  Ag. ;  Edopleura  Ag. 

Fam.  9.      Kyriothelidae.      Polyp  solitary.      Tentacles  scattered,  capitate. 

MyrioUula  Sara. 

Section  2.     Hydraetiiiinae. 

Colonial.  Perisark  invested  by  a  superficial  covering  of  naked  cbenosark  ; 
with  spiral  zooids.  Very  frequently  found  coating  the  gastro})od  shell  of  a 
Hermit  Crab. 

Fam.  10.     Hydraetiiiidae.     With  sessile  gonophores.     ffydractinia  v.  Ben. 

Fam.  11.  Fodoeorynidae.  Gonophores  as  free  medusae.  Podoeoryne  Sars 
(Fig.  108) ;  Corynopsis  Allm. 

Section  3.     Corymorphiliae. 

Polyps  solitary,  without  perisark. 

Fam.  12.     Corymorphidae.     Gonophores  as  free  medusae.     Corymorpka  Sars  ; 
HcUatraetus  Allm. ;  Ainalthaea  O.  Schmidt. 
Fam.  13.     Konocaiilidae.    Gonophores  as  fixed  sporosacs.     Monocaulus  Allm. 

Section  4.    Hydrolarinae. 

Polyps  unsymmetrical,  with  the  tentacles,  one  or  two  in  number,  springing 
from  one  side  of  the  body. 

Fam.  14.    Hydrolaridae.    Lar  Gosse. 

The  Medusae  of  this  order  are  arranged  by  Haeckel  as  follows: — 

AXTHOMBDUSAE. 

Craspedota  trithout  otocystSy  icifh  ocelli  at  the  hose  of  the  tentadeSj 
ami  with  manuhrial  gonads ;  radial  canals  ustudly  4i  rarely  6  or  8 ; 
Imddetl  from  Polyps  of  the  Tubulariae. 

Fam.  1.  Codonidae.  Mouth-opening  simple ;  gonads  not  radially  divided  ; 
4  narrow  radial  canals ;  unbranched  tentacles.  The  polyps  of  most  Sarsiadae 
belong  to  the  genus  Syncoryne,  of  Eetopleura  to  Tubularia,  of  Euphysidae  to 
Corymorpka,  of  Olobicepa  to  Pennaria, 
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Sab-fam.  1.  Sarnadae.  With  4  radial  tentacles.  CodoniumK,*;  Sarsia 
Lesson  ;  Syndielyon  A.  Ag. ;  Eetopleura  L.  Ag. ;  Dipurena  IdcCrady  ; 
BcUhyeodon  H. 

Sab-fam.  2.  Dinemidae.  With  2  radial  tentacles.  Dicodonium  H.; 
Dinema  v.  Ben. 

Sub-fam.  3.  Saphyiidae.  Witli  3  rudimentary  tentacles,  and  one 
strongly  developed.  Steenstrupia  Forbes ;  Euphysa  Forbes ;  Hybocodon 
L.  Ag. ;  Amphicodon  H. 

Sub-fam.  4.  Amalthaeidae.  All  four  tentacles  rudimentary.  Amalthaea 
0.  Schmidt ;  Olobieeps  Ayres. 

Fam.  2.  Tiaridae.  With  4  frilled  buccal  lobes ;  with^4  manubrial  gonads, 
which  may  be  split  into  8 ;  with  4  wide  radial  canals ;  and  unbranched  tentacles. 
Ontogeny  only  known  in  two  species.  The  polyp  of  Turris  negletta  is  Clavula 
Oossei,  that  of  Corynetes  Agassizii  is  Halocharis  spiralis.    '   y^ 

Sub-fam.  1.  Frotiaridae.  With  4  perradial  tentacles.  Protiara  H.; 
Modeeria  Forbes  ;  Corynetes  McCrady. 

Stib-fam.  2.  AmpMnemid^e.  With  2  opposite  radial  tentacles.  Amphi- 
nema  H. ;  CodonOrchis  H. ;  Stomotoca  L.  Ag. 

Sub-fam.  3.  Fandaeidae.  With  numerous  tentacles.  Pandaea  Lesson  ; 
ConU  Brandt ;  Tiara  Lesson ;  Turris  Lessoili^  Catahlema  H. ;  Turritopsis 
lAcQradj ;  Callitiara  K. 

Fam.  3.  Xargelidae.  With  4  or  more  simple  or  branched  oral  tentacles, 
with  4  or  8  separate  manubrial  gonads ;  with  simple  unbranched  tentacles,  which 
may  be  uniformly  distributed  or  grouped  in  4  or  8  bundles.  Development 
known  in  a  few  species ;  polyp  usually  belongs  to  Bougainvillea  {Lizusay  Margelis^ 
llippocrene,  Jiathkea)^  polyp  of  Dysomorpha  to  Podocoryne,  of  Cytaeandra  to 
Jlhizoeline.  The  polyp  of  Lizzia  {hlondina  !)  is  said  by  Allman  to  be  a  Campanu- 
larian,  Laomedia  {Leptosqfphus)  tenuis, 

Sub-fam.  1.  'Cytaeidae.  With  unbranch^  oral,  and  uniformly  distributed 
marginal  tentacles.  CyUuis  Elschsch ;  Cubogaster  H. ;  Dysmorphosa  PhilUpi ; 
Cytaeandra  H. 

Sub-fam.  2.  Liinildae.  With  unbranched  oral,  and  4  or  8  bundles  of 
marginal  tentacles.    Lizusa  H. ;  Lizzia  Forbes ;  LizzeUa  H. 

Sub>fam.  8.  Thanmottomidae.  With  4  branched  oral,  and  uniformly 
distributed  marginal  tentacles.  Thamnitis  H.,  TJiamnostylus  H. ;  Tham- 
n«8toma  H. ;  Lininorea  P^ron. 

Sub-fam.  4.  Hippoerenidae.  Oral  tentacles  branched,  marginal  tentacles 
in  4  or  8  groups.  Margelis  Steenstrup ;  Hippocrene  Mertens ;  Nefnopsis 
L.  Ag. ;  Margellium  H. ;  Eathkea  Brandt. 

Fam.  4.  Cladonemidae.  With  dichotomously  branched  or  feathered  tentacles, 
with  4  to  8  narrow,  simple  or  bifurcated  radial  canals,  with  4  or  8  separate 
manubrial  gonads.  Oral  arms  4,  nmnerous,  or  absent.  Polyp  form  known 
in  3  genera,  viz.,  Oemmaria  is  the  medusa  of  Oemellaria,  Eleutheria  of  Clava- 
ttlla,  Cladonema  of  Stauridium, 

Sub-fam.  1.  Fteronemidae.  Radial  canals  simple.  PieroneniaK,;  ZaneUa 
Gegenb. ;  Oemmaria  McCrady  ;  Eleutheria  Quatref. 

Sub-fam.  2.  Dendronemidae.  Radial  canals  bifurcated.  Ctenaria  "H, 
resembles  the  Ctenophora,  ex -umbrella  with  8  adradial  ribs  of  thread  cells  ; 
Cladonema  Duj. ;  Dendronema  H. 

*  Throughout  the  Cnidaria  H.  stands  for  HaeckeL  - 


Order  4.     Campandlariab*  (CALrPTOBLASTEA). 
With  ht/drothecae  ami  tjorianyia.    ColontiU.    Generative  individuals, 
when  eet  free,  are  Leptmneilwtae. 

The  Canipatndariae  are  colonial  Hylronieilusae,  and  they  all 
pi-oduce  gonophores  by  budding.  The  zooide  are  provided  with 
hydrothecae  (Fig.  lU),  which,  in  tlie  case  of  the  blastostylea,  fonn 
gonan^a.  The  gonophorcs  are  either  Bet  free  as  Medusae,  or  are 
only  partially  developed 
as  Medusoids  (hedrio- 
blostic),  with  rudimenU 
of  the  medusan  organs. 
The  Medusae  generally 
have  marginal  auditory 
organs  of  the  vesiculate 
''  type,  and  their  gonads 
lie  beneath  the  radial 
canals  (Fig.  106). 

Section  1.  Campuiidariitta. 
Hifdrotliecae  at  least  in 
the  proximal  part  of  th« 
colony  never  adnata  by  their 
■idea  to  the  hydrocaulua. 

Fam.  1.  Haleoiidae.  Hj 
drotbecae  redaced  to  ahallaw 
■ancer-sbaped  pedunculate 
appendagM  (bydrophorei). 
Hydrantht  nitb  conical 
hypos  to  me.  Gonapborel 
hedrioblaatic.  Haiecium 
Oken  1  Diploeyalhtu  Allm.; 
OphioideM  Hincka. 

Fam.  2.  CMnpannlaiidaa. 
Hydrothecae  borne  by  pe- 
dunclee,     campanulate     or 
tubular.      Hydrouaulus  not 
bydrotliBca.  enveloped      by     peripheral 

tubes.  aonophoreB  free- 
Bwimining  or  sesaile.  Campanularia  Lamarck;  Obtlia  Peron  aud  Lesaeur; 
Thynuei/phua  Altm. ;  Hypanlhca  Allni. ;  Calamphora  AUm. ;  Htbetla  k\\m.\ 
Salitiphonia  Allni.;  Coppinia  Hassall  ;  Calycella  Hiucks ;  Ctylia  I^mouroui ; 
Campanopiig  Claue ;  ilflieertaria  Hoeckel ;  Loviiiella  Hincka ;  Ctupiddia, 
Hincka;  TAnuinnntiiijEsch.;  VnmjHtnulinn,  v.  Ben.;  LrptOKy^ui  LWm. 

•  T.  Hincka,  A  Monograph  of  the  Sritiah  Hydroid  Zoophyta,  London,  1868. 
G.  J,  Allnian,  ''Report  on  the  Hydroidea,"  Pta.  1  and  2,  ChaVatgtr  Rtforii, 
IfcSS  and  18S8.     £.  Haeckcl,  lionographie  dtr  Midutm,  Jena,  1879. 
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Fam.  3.  FeriiiplLonidae.  Hydrocaulus  enveloped  by  peripheral  tubes ;  the 
hydrothecae  are  never  adnate  and  are  carried  by  the  axial  tube  only.  Lafo^ 
Lamouroux  ;  Lictorella  Allm. ;  Cryptolaria  Busk  ;  Perisiphonia  Allm. 

Section  2.    Sertnlarinae. 

Hydrothecae  developed  from  more  than  one  side  of  the  hydrocaulus,  to  which 
they  are  all  adnate  for  a  greater  or  less  extent  by  their  sides. 

Fam.  4.  Orammaridae.  Hydrocaulus  consisting  of  an  axial  tube  which  carries 
the  hydrothecae  and  is  sur- 
rounded by  and  inseparably 
coalesced  with  peripheral  tubes 
without  hydrothecae.  Hydro- 
thecae adnate  to  axial  tube. 
Grammaria  Stimpsou. 

Fam.  5.  Sertularidae.  Hy- 
drothecae in  t^'o  or  more 
series,  adnate  to  hydrocaulus. 
Gonophorea  sessile.  Seriularia 
L. ;  Diphasia  Agassiz  ;  Thui- 
aria  Fleming;  DennoKyphus 
Allm. ;  Hypopyxis  Allm. ; 
StauroUuca  Allm. ;  Dietyo- 
eladium  Allm. ;  Synthecium 
Allm. ;  Theeodadium  Allm. ; 
Uydrallmania*  Hincks. 

Section  3.    Idiinae. 

Hydrothecae  adnate  to  hy- 
drocaulus.   Coenosark  divided 
into  segments  which  form  two  longitudinal  series  of  intercommunicating  cham- 
bers, each  of  which  communicates  with  the  gastral  cavity  of  a  hydrauth. 

Fam.  6.     Idiidae.    Idia  Lamouroux. 

Section  4.    Flumularinae. 

Hydrothecae  developed  from  one  side  only  of  the  hydrocaulus,  to  which  they 
are  adnate  by  their  sides.     Sarcostyles  (nematophores)  are  always  present 

Fam.  7.  Flumnlaridae.  Antennularia  Lamarck ;  Sciurella  Allm. ;  Acanthella 
Allm. ;  Plumularia  Lamk. ;  Schizotricha  Allm. ;  Polyplumaria  Sars  ;  HeteropUm 
Allm.;  Hcdicomaria  Busk;  AzygopUm  Allm.;  Streptoeaulus  Allm.;  Diplocheilua 
Allm.;  Lytocarpus  Kirchenpaucr ;  Aeanthocladium  Allm.;  Cladocarpus  Allm.; 
Aglacphenia  Lamouroux. 

The  Medusae  of  this  order  are  arranged  by  Haeckel  as  follows : — 

Leptombdusae. 

Craspedofa  partly  tcith,  partly  toifhoMty  otocysts ;  ocelli  present  or 
absent;  gonofls  on  radial  canals;  Inukled  fram  polios  of  the 
Campamdariae. 

Fam.  1.  Thanmantidae.  Radial  canals  simple,  unbranched,  without  otocysts. 
Polyp  form  known  only  in  Laodice  {ThaumatUaria)  cal4xirata  as  Thaumantiaa 
inwMpicuaf  and  in  Melicertum  campanula  as  Melicertum  campanula. 


Fig.  115.— Free  Meclasa  of  Obdia  gelatituaa  as  yet 
withoat  gonads ;  g  otocysto. 
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Sab-fftm.  1.  Laodieidae.  With  4  radinl  canals  and  4  gonads,  ^etranema 
H.;  Distcnema  H.;  Octcnema  H.;  Thaumantias  Eschsch.;  Staurotiama  H.; 
Laodice  Lesson. 

Sub-fam.  2.  Kelieertldae.  With  8  radial  canals  and  8  gonads.  Mdi- 
eertella  H. ;  Melioertissa  H. ;  Melicerlum  A.  Ag. ;  Mdieertidium  H. 

Sub-fam.  3.  Orchittomidae.  With  numerous  radial  canals.  Orxkii- 
toma  H. 

Fam.  2.  Cannotidae.  Without  marginal  vesicles,  with  4  or  6  radial  canals 
which  are  branched,  bifurcated,  or  pinnate.     Development  unknown. 

Sub-fam.  1.  Folyorehidae.  With  4  or  8  pinnate  radial  canals,  the  side 
branches  ending  blindly.  Staurodiscus  H. ;  Ganynema  A.  Ag. ;  Ptyehoffena 
A.  Ag. ;  Staurophora  Brandt ;  Polyorchis  A.  Ag. 

Sub-fam.  2.  Barenieidae.  With  4  or  6  branched  ra()ial  canals,  branches 
and  main  canals  open  into  circular  canal.  CannUa  H.;  Dyseannota  H.; 
Berenice  P6ron  and  Lesueur  ;  Dipleurosoma  Axel  Boeck. 

Sub-fam.  3.  Williadaa.  With  4  or  6  bifurcated  radial  canals,  the 
branches  only  open  into  circular  canals.  Dicranocanna  H.;  ToxorchU  H.; 
Willetta  H. ;   Willia  Forbes  ;  Prohoacidactyla  Brandt ;  Cladocanria  H. 

Fam.  8.  Sneopidae.  With  marginal  vesicles  and  4  simple  unbranched  radial 
canals,  in  whose  course  4  or  8  gonads  lie.  The  polyps,  when  known  belong  to 
the  genera  Campanularia^  Ohelariay  Clytia,  Campaiiulina,  etc. 

Sub-fam.  1.  Obelidae.  8  adradial  marginal  vesicles,  stomach  without 
stalk.  Eiicopium  H. ;  Saphenella  H. ;  Eucope  Gegenbaur ;  Obelia  Peron  and 
Les.  (Fig.  115) ;  Tiaropsis  L.  Ag.;  Exichilota  McCrady.        • 

Sub-fam.  2.  Fhialidae.  Numerous  marginal  vesicles,  stomach  without 
stalk.  Pkialium  H. ;  Phialis  H. ;  MUrocomium  H. ;  EperUhena  McCrady ; 
MUrocoinella  H. ;  Phialidium  Leuckart ;  MUroconia  H. 

Sub-fam.  3.  Sntimidae..  8  adradial  marginal  vesicles,  a  distinct,  often 
long,  stomach-stalk.  Eulimium  H. ;  Eutima  McCrady  ;  SapJienia  Eschsch.; 
Eutimeta  H. ;  EtUimalphei  H. ;  Octorchulium  H.;  Odorchis  H.;  Odor- 
Chandra  H. 

Sub-fam.  4.  Irenidae.  Numeroiis  marginal  vesicles,  a  distinct  stomach- 
stalk.    Irenium  H. ;  Ire^ie  Esch. ;  Tima  Esch. 

Fam.  4.  Aeqnoridae.  With  marginal  vesicles  and  with  numerous  (often 
over  100)  simple  or  branched  radial  canals.  Polyp  of  Polycanna  (Zyffodadyla) 
vi{r^na  only  known  as  a  veiy  small  Campanaria, 

Sub-fam.  1.    Oetoeannidae.    With  8  simple  radial  canals.     OetocannaR, 
.  •<    \  Sub-fam.  2.     ^ygooannidae.    With  8  or  more  radial  canals  bifnroated  at 
their  base.     Zygocanna  H. ;  Zygocannota  H.;  Zygocannula  H.;   ffalopsis 
A.  Ag. 

Sub-fam.  3.  Folyeannidae.  With  numerous  simple  radial  canals  which 
arise  sei>arately  from  the  stomach  (12  or  more  to  over  100).  Aequorea 
Perou  and  Les. ;  JUicginaiodes  A.  Ag. ;  Stomobraehium  Brandt ;  Stauro- 
bradiium  H.;  Mesonema  Esch.;  Polycanna  H. 

LiniTwcodium^*  a  fresh-water  medusa  from  the  Victoria  Regia  tanks  of  the 
Royal  Botanic  Society,  London,  and  of  unknown  habitat,  is  probably  allied 
here. 

♦  G.  H.  Fowler,  Quart.  J.  Mic.  ScL,  vol.  30,  1889,  p.  507. 
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Order  5.     Trachomkditsae.* 

Hydroinedusae  icithout  hydrosome  {polyp  stage);  tcith  margined 
sen8e4entacle8  in  pits  or  vesicles,  laith  endodennal  otoliths.  Ocelli 
usually  al)sent.  Gonads  radial,  Badial  canals  J^  6,  or  8,  often  taith 
centripetal  canals.  With  thread-cell  thickening  of  ectoderm  round  the 
edge  of  the  umbrella. 

The  medusae  of  this  order  (Fig.  101)  develop  directly  from  the 
egg,  and  no  polyps  are  known. 

Fam.  1.  Petaiidaa.  With  4  radial  canals  and  4  gonads,  stomach  without 
stalk,  with  sense- tentacles  sometimes  free,  sometimes  in  vesicles. 

Sub-fam.  1.  Petaohnidaa.  Without  centripetal  canals.  Petasus  H., 
Dipetasus  H. ;  Petaaata  H. ;  Fetacknum  H. ;  Aglauropsis  F.  Muller  ;  Oosaea 
L.  Ag. 

Sub-fam.  2.  Olindiadaa.  With  blind  centripetal  canals.  Olindias 
F.  Muller. 

Fam.  2.  Traehjnemidaa.  8  radial  canals  and  8  gonads,  without  stomach- 
stalk,  sense-tentacles  rarely  free,  usually  in  vesicles. 

Sub-fam.  1.     Marmanemidae.    Tentacles  without  suckers,  mesogonionsf 
absent.    Traehynema  Gegenbaur ;  Marmaneina  H. ;  Ehopalonema  Gegenbaur. 
Sub-fam.  2.     Peotyllidaa.    Tentacles  with  suckers,  with  8  radial  meso- 
gonions.t    Pedyllis  H. ;  Pedis  H. ;  Pectanthis  H. 

Fam.  3.  Aglauridae.  With  8  radial  canals,  stomach  with  stalk,  sense 
tentacles  free. 

Sub-fam.  1.  Aglantliidaa.  With  8  radial  gonads  (sometimes  on  the 
stomach-stalk,  sometimes  on  the  sub-umbrella).  Aglantha  H. ;  Aglaura 
P^ron  and  Les. ;  Agliscra  H. 

Sub-fam.  2. '  Persidae.  4  or  only  2  opposite  gonads.  Stauraglaura  H. ; 
Persa  McCrady. 

Fam.  4.  Geryonidaa.  With  4  or  6  radial  canals  and  flattened  gonads ;  with 
long  stomach -stalk  ;  with  8  or  12  marginal  umbrella-clasps  or  peroniums ;  and 
with  8  or  12  closed  tentaculocysts  (sense  tentacles  enclosed  in  vesicles),  which  are 
embedded  in  the  jelly  on  the  axial  side  of  the  peroniums  (Fig.  102). 

The  tentacles  are  in  three  different  groups  which  appear  at  three  different 
{jerioda  of  the  development.  (1)  The  primary  tentacles  are  transitory  larval 
organa,  and  filled  with  solid  cndoderm.  They  are  pcrradial  and  4  or  6  in 
number.  They  pass  on  to  the  ex-umbrella,  and  remain  connected  with  the 
edge  by  a  peronium.  (2)  The  secondary  tentacles  are  interradial  and  also  solid, 
and  4  or  6  in  number.  They  pass  on  to  the  ex-umbrella,  and  remain  connected 
with  the  edge  by  peroniums.  They  may  fall  off  or  persist.  (3)  The  tertiary 
tentacles  develop  last  and  persist.  They  arise  beneath  the  |>erradial  primary 
tentacles  just  to  one  side  of  the  peroniums  of  these  latter.  They  are  hollow 
and  long,  and  their  cavity  opens  into  the  circular  canal.     There  is  a  solid 

*  E.  Haeckel,  Monagraphie  der  Medusen.     Jena,  1879. 

t  Mesogonions  are  thin  vertical  radial  folds  of  the  sub-umbrella,  which  underlie 
the  radial  canals  and  divide  the  gonads  into  two  se]3arate  halves.  They  incom- 
pletely divide  the  umbrella  cavity  into  spaces  recalling  the  funnel-cavities  of  the 
Peripkyllidae. 
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cartilaginous  strip  of  endoderm  beneath  each  of  the  8  or  12  pei*onium8,  close 
to  which  are  the  tentaculocysts. 

Sub-fam.  1.  Liiiopidae.  4  gonads  and  4  radial  canals  ;  8  tentaculocysts 
(4  primary  perradial  and  4  secondary  iuterradial).  Pennanent  tentacles, 
4  or  8.    Lirianlha  H. ;  Liriope  Lesson  ;  Olossoconua  H. ;  Olossocodon  H. 

Sub-fam.  2.  Carmarinidaa.  6  gonads  in  the  course  of  the  6  radial  canals, 
12  tentaculocysts  (6  primary  interradial,  and  6  primary  perradial).  Tentacles 
6  or  12.  Oeryojies  H.;  Oeryonia  Per.  and  Les.,  without  centripetal  canals  ; 
Carmaris  H.;  Carmarina  H.  (Fig.  101),  with  centripetal  canals. 

Order  6.     Narcombdusab.* 

Oraspetlota  with  free  auditory  teittacles.  Tentacles  inserted  dorsally 
on  the  eX'Umhrella^  and  connected  with  its  edge  by  peroniums,  liadial 
canals  when  present  in  the  form  of  flat  radial  gastric  pouches. 

So  far  as  is  known  the  Narcomedusae  are  without  the  hydroid 
phase.  There  is  a  thickened  ectodermal  ring  at  the  umbreUa  edge 
which  is  prolonged  on  to  the  ex-umbrella  to  the  insertion  of  the 
tentacles  as  the  peroniums  (Fig.  96).  The  peripheral  part  of  the 
umbrella  is  lobed.  The  gonads  aro  primitively  in  the  ventral  or 
lateral  wall  of  the  stomach,  whence  they  are  often  si)read  out  on 
the  radial  gastral  pouches.  The  circular  canal  is  either  obliterated, 
or  else  in  festoons  (Fig.  96),  following  the  edge  of  the  lobes  to 
open  into  the  gastral  |>ouches.  The  radial  stnictures  (tentacles, 
lobes,  and  iK)uches)  vary  in  number — they  may  be  rarely  4,  usuaDy 
8  or  more  to  32.  Otoporpae  or  peronial  streaks  of  ectoderm  passing 
from  the  auditory  tentacles  may  be  present  (Fig.  96). 

Fam.  1.  Cnnantliidaa.  With  wide,  ])ouch-like  radial  canals,  which  arc 
connected  with  the  circular  canal  by  double  peronial  canals  (festoon  canals, 
Fig.  96).  With  otoporpae.  Cunantha  H.;  Cunarcha  H.;  Cunoctanlha  H.; 
Cunina  Esch.;   Cunissa  H. 

Fam.  2.  Peganthidae.  Without  radial  canals  and  gastral  pouches,  but 
with  a  festoon  canal,  with  otoporpae.  Polycolpa  H. ;  Polyxenia  Esch. ;  Pegasia 
P^r.  and  Les. ;  Pegantha  H. 

Fam.  3.  Aeginidae.  With  a  circular  canal  which  communicates  with  the 
stomach  by  double  peronial  canals  ;  with  internemalt  gastral  pouches  ;  without 
otoporpae.  Aegina  Esch. ;  Aeginella  H. ;  Aegineta  Gegenbaur ;  Aeginopsis 
Brandt ;  Acginura  H. ;  Aeginodiscus  H. ;  Aeginodorus  H. ;  Aeginorhodus  H. 

Fam.  4.  Solmaridaa.  Without  circular  canal  and  peronial  canals ;  sometimes 
without  radial  canals,  sometimes  with  modified  radial  canals  (pememal  or  inter- 

*  E.  Haeckel,  Monographic  d,  Medusen,     Jena,  1879. 

t  Interneinal  gastral  pouches  are  really  interradial  pouches  projecting  from 
a  radial  {pernemal)  pouch  (suppre&sed  in  the  Aeginidae)  into  the  lobes  of  the 
peripheral  part  of  the  umbrella.  Each  original  radial  pouch  gives  off  two  of 
these  intcrncmal  pouches,  one  into  one  lobe  and  the  other  into  the  adjacent 
lobe.  The  two  iuterucmal  pouches  of  one  radial  gastric  pouch  are  therefore 
separated  by  the  double  peronial  canal,  or  festoon-like  loop  of  the  circular 
canal,  which  runs  into  the  central  stomach  radially. 
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nemal  gastral  pouches);   withont  otoporpae.    Solmissus  H.;  Solmundus  H.; 
Solmundella  H. ;  Solmoneta  H. ;  Solmaru  H. 

Limnoenida,*  a  fresh-water  Medusa  from  Lake  Tanganyika,  is  probably  allied 
here. 

Order  7.     SiPHONOPHORA.t 

Free-stcimming  polT^tnorpkic  colonies  of  Hydromedusae  pi'odtu^ed  by 
budding  from  an  original^  probably  m&Jusoid,  individual.  Gonads  in 
gonophores  whichy  as  a  nde,  are  not  set  free. 

The  colonies  of  the  Siphonophora  are  characterised  by  the  extreme 
specialization  of  the  individuals  composing  them.  So  great  indeed 
is  this  specialization  that  some  zoologists  (Eschscholtz,  Huxley, 
Metscknikofif)  have  held  the  view  that  their  component  parts  are 
really  organs  of  a  single  medusoid  individual,  which  is  distinguished 
from  an  ordinary  medusa  by  the  fact  that  its  various  parts — manu- 
brium, tentacles,  umbrella — have  multiplied  independently  of  one 
another,  and  have  become  differentiated  and  in  part  dislocated  from 
their  primitive  positions ;  in  short,  that  a  siphonophore,  in  possessing 
in  a  marked  degree  the  power  of  vegetative  increase  of  its  parts, 
resembles  a  plant  more  than  an  animal. 

This  multiplication  of  the  parts  of  an  organism,  often  independently  of  one 
another,  is  not  however  by  any  means  exclusively  a  vegetable  characteristic. 
It  must  have  happened  largely  in  the  animal  kingdom,  and  have  been  a  potent 
factor  in  determining  the  forms  of  animal  life. 

Another  view,  and  the  one  more  generally  held,  is  that  they  are 
free-swimming  polymorphic  colonies  of  highly  specialized  polyps, 
with  the  power  of  producing  medusae  (Vogt,  Leuckart,  Gegenbaur, 
Glaus,  Chun). 

According  to  it,  all  the  parts  of  a  siphonophore  are  either  modified 
polype  or  medusae,  and  the  primitive  zooid  of  the  colony  is  of  the 
polyp  type.  Just  as  the  first  theory  errs  too  much  in  denying  the 
colonial  origin  of  our  group,  so  the  second  theory  probably  goes  too 
far  in  affirming  it.  It  is  probable  tliat  the  truth  lies  between  the 
two  views.  We  hold,  ^vith  Haeckel  and  Balfour,  that  the  colonial 
theory  is  the  true  one,  but  that  the  primitive  zooid  of  the  colony 
was  probably  a  medusa  which  has  produced  other  medusae  by 
budding,  and  that  the  parts  of  these  medusae  possess  the  power 
of  becoming  discrete  and  removed  from  the  bud  to  which  they 
belong,  and  of  becoming  in  some  cases  secondarily  multiplied.     So 

♦  R.  T.  Giinther,  QuaH,  J.  Mic,  Sex.,  vol.  36,  p.  284. 

t  E.  Haeckel,  "Report  on  the  Siphonophorae,"  CJiallenger  Beports,  voL  28, 
1888.  C.  Chun,  "  Die  Canarischen  Siphonophoren,"  I.  and  XL,  Abhandlungen  d, 
Sendsenbergischen  ncUurf,  Oeaellsch.     1891-2. 
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that  many  organs  of  the  colony — wliich  on  the  old  colonial  theory 
more  than  parts  of 
medueifonn  bidi- 
viduala  which 
have  shifted  their 
attachment,  and 
are  therefore  really 
organs.  For  in- 
stance, the  struc- 
tures called  pal- 
jxmt  (hydrocysts, 
dactyloEOoids)  are 
to  be  looked  upon 
as  moutlUess  ma- 
nubria  of  medu- 
soids,  the  um- 
brellas of  which 
have  become  modi- 
fied as  bmcta,  or 
are  entirely  degen- 
erate. The  sipJumi 
(trumpet -shaped 
polyps,  nutritive 
l>olyps)  are  the 
mAnubriaofmedu- 
loids,  of  which  the 
'  umbraUaisabiact, 
or  a  nectocalyx  or 
degenerate.  The 
tentacle,  on  the 
other  hand,  is  to 
be  looked  upon 
as  the  only  sur- 
viving marginal 
tentacle  of  the 
mcdusoid  of  the 
siphon,  which  has 
shifted  so  as  to  be 
attached  to  the  Ihiso  of  its  manubrium.  This  theory  then  agrees 
with  the  second  theory  in  asserting  the  colonial  nature  of  the 
Sipbonophom,   but   admits   that  there   lias   been   that   vegetative 


Fill.  IIS.— Dlagniu  of  b  CDlony  uf  SiplumKnIluu 
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repetition  and  specialization  of  certain  organs  which  is  demanded 
by  the  first  view. 

The  diagram  (Fig.  116)  shows  nearly  all  the  possible  parts  found 
in  colonies  of  Siphonanthae,  the  largest  of  the  two  sub-orders  of  the 
SipJionophora, .  We  may  briefly  enumerate  these  and  consider  their 
relation  to  the  colony  on  this  "  medu^me  "  theory  of  Haeckel.  The 
stem  {St)  or  trunk  is  the  coenosark  or  coenosome  of  the  colony ;  it 
is  the  elongated  manubrium  of  the  original  larval  medusoid,  and 
produces  by  budding  all  the  parts  of  the  colony.  Two  parts  may  be 
distinguished  in  it — ^an  upper  part,  the  nectosome,  to  which  the 
swimming  organs  (nectocalyces  and  pneumatophores)  are  attached, 
and  a  lower  part,  the  siphosome,  bearing  the  nutritive  and  repro- 
ductive organs  (siphons,  palpons,  gonophores).  All  parts  are  budded 
off  from  the  same  surface  of  the  stem  (the  so-called  ventral  median 
line),  their  apparent  r^ial  disposition  in  some  forms  being  due  to 
a  spiral  twisting  of  the  stem.* 

The  swimming  organs.  The  nectocalyx  {S)  is  a  medusa  mth 
canal  system  and  velum  but  without  a  manubrium.  The  imeumato- 
Iihore  {Pri)  is  more  difficult  of  interpretation;  it  may  either  be 
regarded  as  a  medusa,  in  which  the  umbrella  cavity  is  the  air- 
chamber  or  pnemnatocyst,  or  it  may  be  simply  regarded — and  this 
is  Haeckel's  view — as  a  part  of  the  ex-umbrella  region  of  the  original 
medusoid  larva,  the  ectoderm  of  which  has  become  invaginated  upon 
the  contained  enteric  system  to  form  the  pneumatocyst  (Haeckel 
distinguishes  the  ectodermal  invagination  as  the  pnemnatosac,  the 
secreted  chitinous  lining  as  the  pneumatocyst).  The  space  round 
the  pneumatocyst  lined  by  endoderm  is  the  pericystic  space. 

The  siphons  (P)  may  be  regarded  as  polyps,  or  as  the  manubria 
of  medusoids.  The  palpons  (tasters,  hydrocysts,  dactylozooids)  are 
mouthless  manubria.  The  tentacles  {Sf)  are  organs  of  the  siphons 
(see  above).  The  palpades  {Sf)  are  similar  organs  of  the  palpons 
found  in  one  order.  The  hydrophyllia  (bracts)  are  the  umbrellas 
of  medusae  which  are  cleft  on  one  side,  or  which  have  simply 
lost  their  umbrella  cavity  and  of  which  the  manubria  are  either 
degenerate  or  slightly  shifted  as  siphons  and  pali)on8.  In  many 
forms  bracts  have  undergone  a  large  secondary  increase. 

Gonophores  {G)  are  either  budded  from  the  stem  or  from  processes 
of  the  latter  called  gonostyles,  which  may,  or  may  not  be,  mouthless 
polyps. 

•  The  twistinp^  when  present  takes  place  in  opposite  directions  in  the  necto- 
some and  siphosome. 
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Tlie  zooids  are  generally  attached  to  the  stem  in  groups  called 
cormidia  (Fig.  119).  The  points  of  attacliment  of  the  cormidia 
are  called  nodas,  the  part  of  the  stem  between  being  intemodes; 
in  such  cases  the  cormidia  are  said  to  be  ordinate.  Sometimes  this 
regular  grouping  does  not  occur,  and  the  various  zooids  bud  oflf 
separately  from  the  stem ;  the  cormidia  are  then  said  to  be  in'egular 
or  dissoIv&L 

The  nectocalyces  by  their  contractions  move  the  colony  through 
the  water;  they  have  a  deeply  concave  muscular  sub-umbrella  sur- 
face. The  pneumatophore  is  a  hydrostatic  apparatus,  and,  in  those 
forms  which  have  a  long  spiral  stem,  serves  to  keep  the  body  in 
an  upright  condition.  The  gaseous  contents  is  secreted  by  some 
of  the  cells  lining  the  pneumatocyst  and  can,  in  some  cases,  be 
expelled  freely  by  contraction  of  the  walls  of  the  pneumatophore 
through  one  or  more  openings — the  stigmata. 

The  enteric  or  gastro vascular  system  is  contniuous  throughout  the 
colony.  The  gastral  zooids  are  without  oral  tentacles,  but  possess 
a  tentacle  arising  at  their  base.  This  tentacle  can  be  extended  to 
a  considerable  length  and  l^e  retracted  into  a  spiral  coil.  It  rarely 
has  a  simple  form,  but,  as  a  rule,  it  bears  a  number  of  unbranched 
lateral  twigs — the  tentilla,  which  are  also  very  contractile.  Tliese 
tentacles  are  invariably  beset  with  a  great  numl)er  of  nematocysts, 
which  in  many  places  are  closely  packed  and  have  a  regular  arrange- 
ment. These  aggregations  of  thread-cells  are  especially  found  upon 
the  tentilla,  where  they  give  rise  to  large  brightly-coloured  swellings, 
the  cnidosacs  or  l^atteries. 

The  gonophores  have  a  velum,  a  complete  gastrovascular  system, 
and  a  manubrium;  but  the  mouth  is  nearly  always  absent.  The 
generative  cells  are  ectodennal,  and  arise  in  the  manubrium ;  they  are 
without  radial  divisions  (as  in  the  Godonulae  of  the  AnthwNedume). 
The  colonies  are  generally  hennaphrodite,  but  the  gonophores  are 
male  and  female.  The  sexual  medusoids  frequently  Injcome  separate 
from  the  colony  when  ripe,  but  are  only  rarely  liberated  as  small 
medusae  (  Velellidae),  which  produce  the  generative  cells  during  their 
free  life. 

The  hydrophyllia  are  leaf-shaped,  and  composeil  of  a  stiff  gelatinous 
substance ;  they  are  protective  in  function.  All  the  appendages  are 
developed  as  buds  formed  of  ectoderm  and  endoderm,  and  containing 
an  endodenu-lined  cavity  which  communicates  with  the  cavity  of 
the  stem. 

The   Stphonophora  are   extremely  beautiful  transparent,   marine 
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organisms,  with  here  and  there  spots  of  colour  (the  hepatic  cells  of 
the  siphon — the  apex  of  the  pneumatophoi-e,  the  cnidosacs  of  the 
tentacles,  etc.).  They  are  mostly  pelagic  in  habit,  but  some  come 
from  the  deep  sea. 

The  ova  are  large,  generally  without  vitelline  membrane,  and 
undergo  a  complete  and  regular  segmentation.  A  free-swimming, 
solid  planula  is  formed. 

There  are  two  main  sab-orders*— the  Disconanthae^  in  which  the  primary 
form  is  an  8-radiate  medusa,  the  Disconula,  which  produces  buds  on  the  ventral 
side  of  its  umbrella ;  and  the  Siplionanthae,  in  which  the  promorph  is  a  bilateral 
medusa  which  produces  buds  on  the  ventral  side  of  the  base  of  its  manubrium. 

Sub-order  1.    Disconantliae. 

The  Jtody  (coenosovie)  formed  by  the  uinhrella  of  the  ot^igtneU  octo- 
radial  medusa^  which  inclttdes  a  polythalamous  pneuinatocyat ;  the 
buds  arise  in  concenti'ic  rings  f  rain  the  stdMimbrdla,  Larva  odoradial 
(Disconula). 

This  sub-class  includes  one  order. 

Section  1.     Disconkctae.     Yelbllidab. 

SipJumophora  icith  a  permanent  primary  umbrella^  tdthout  necto- 
calycea  and  bracts. 

The  Disconedae  are  medusae  with  a  large  manubrium  (Fig.  117, 
ni8\  hollow  marginal  tentacles,  and  radial  canals  opening  into  a 
circular  canaL  There  is  no  velum,  and  the  ex-umbrella  surface  is 
pitted  inwards  in  the  centre  to  form  an  ectodermal  sac,  the  pTieumato- 
cyst  (Ik).  From  the  under  side  there  hangs  downwards  a  number  of 
accessory  manubria  (gm)  which  bud  the  gonophores  and  are  called 
gonostyles  {gm).  The  gonostyles  open  into  the  radial  canals  at  their 
basal  ends,  while  distally  they  may  be  closed  or  open.  Beneath  the 
pneumatocyst  there  is  a  large  cellular  mass,  the  centradenla  {cd\  or 
so-called  liver.     The  pneumatocyst  opens  on  the  upper  surface  by 

*  Chun,  who  objects  to  Haeckel's  separation  of  the  Disconanthae  from  the  rest 
of  the  class,  arranges  the  Siphonophora  as  follows : 

Order  1.    CALTCOPHOBIDAS.     With  nedocalyees  without  piieumatophore. 

Order  2.     PHT80PH0BIDAS.     With  pneumatophore. 

Sub-order  1.  Haplophyiae.  Physoph^mdae  icith  unehambered  pneuinatO' 
cyst,  which  is  partly  lined  by  gcu-seereting  ectoderm  and  is  tcithout  trochees. 

Tribe  1.     Physonectae,     With  pneumatophore  and  nectocalyces. 

Tribe  2.     Pjieumalophoridae  {Physalidae).     Without  nectocalyces. 

Sub-order  2.  Traeheophyiae  (Haeckel's  Disconectae),  With  chambered, 
chitin-lined  pneumatocyst,  which  gives  off  tracheae  to  the  polyps.  Gono- 
phores set  &ee  as  medusae  {Chrysomitra). 
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smaU  apertitree — tlie  ettgmata — and  CMmununicates  with  the  centre- 
denia  and  adjacent  tlastiea  by  a  number  of  fine  tubes — the  fraeheae — 
whicli  project  from  its  base.  The  tracheae  are  lined  by  a  prolongation 
of  the  chitinous  lining  of  the  pneumatocyst. 

The  centradenia  la  separated  from  the  dorsal  endoderm  of  the 
atomacli  by  a  gelatinous  plate — the  gastrohasal  plate  («p) — which  is 
pierced  by  the  gaatral  ostia  (primitively  8)  for  the  passage  dorsalwarda 
of  the  radial  canala  (rk),  wliich  arise  from  the  fundus  of  the  stomach. 
It  is  a  composite  oi^n,  i>artly  consisting  of  a  dense  network  of 
endodermal  gastral 
canals,  and  partly  of 
a  parenchyma  of 
ectoderm  cells  with 
many  cnidoblasts. 
The  function  of  the 
former  is  probably 
,  partly  digestive  and 
partly  renal,  of  the 
latter  gas-producing. 
In  the  simpler  Di*- 
eonertae,  i.e.,  in  the 
IHscaluiae  the  cen- 
tradenia is  composed 
solely  of  a  compact 
mass  of  ectoderm 
cells  and  cnidoblasts 
without  canals-  The 
only  canals  of  the 
centradenia  of  such 
forms  are  eight  sim- 
ple radial  canals 
which  arise  from  the  eight  ostia  of  the  stomach  and  run  on  its 
upper  face— between  it  and  the  pneumatosac— .uniting  in, its  centre 
to  form  a  typical  octoradial  liver  star.  They  are  to  be  looked  upon 
as  ascending  brandies  of  the  eight  primary  raditd  canals  of-the  sub- 
umbrelJn.  The  canals  which  perforate  the  centradenia  of  the'loore 
complex  forms  are  branches  of  these  (Fig.  117),     ' 

The  canal  system  is  primitively  octoradiate;  it  consists  of  the 
radial  canals  above  mentioned,  which  branch  as  tliey  pass  outwaids 
to  be  united  at  the  margin  of  tlie  umbrella  by  a  circular  canal  (not 
maiked  in  the  figure).     This  system  gives  off,  in  addition  to  the 
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centradenial  canals,  a  set  of  canals — the  paUial  canals — on  the  ex- 
umbrella  or  upper  surface  of  the  pneumatocyst,  which  unite  over  the 
centre  of  the  pneumatophore  (round  cp).  This  pallial  system  is 
the  result  of  the  invagination  of  ectoderm  to  form  the  pneumatophore. 

The  constitution  and  function  of  the  centradenia,  tracheae,  and  pneumatocyst 
of  the  Dixonectac  is  disputed.  Haeckel's  account  has  been  followed  in  the  text. 
He  regards  the  supposed  ectodermal  portion  of  the  centradenia  or  liver  as  gas- 
secreting  in  function,  and  corresponding  to  the  gas-secreting  portion  of  the 
pneumatocyst  of  the  Siphonanthae  (see  below),  the  tracheae  being  for  the  purpose 
of  carrying  the  gas,  so  secreted,  into  the  pneumatocyst,  which  is  entirely  hydro- 
static Chun,  on  the  other  hand,  holds  that  in  the  DisconanOuUy  which 
habitually  float  on  the  surface,  the  pneumatocy3t  has  no  gas-gland,  and  that  the 
cell  mass  of  the  centradenia,  which  Haeckel  calls  ectoderm,  is  endoderm  with  a 
rich  development  of  thread  cells  ;  further,  that  the  tracheae  often  end  in  places 
where  this  tissue  is  absent.  He  considers  that  these  tubes  are  really  tracheae 
for  the  conveyance  of  oxygen  to  the  thick  glandulur  endoderm^  and  that  the 
pneumatocyst  in  this  group  is  a  breathing  organ.  In  confirmation  of  this  view 
he  states  that  the  living  Velella  does  periodically  contract  its  body  as  though  it 
were  expelling  air  from  the  air-sac.  The  elastic  chitinous  lining  receives  its 
explanation  also  on  this  view,  as  it  would  by  its  elasticity  tend,  in  regaining  its 
original  form,  to  suck  air  in  through  the  stigmata. 

The  gas-secreting  ectoderm  of  the  pneumatocyst  is  present  in  the  young  forms, 
which  apparently  live  below  the  surface,  and  probably  in  the  deep  sea  forms  ; 
and  no  doubt  the  function  of  the  air-sac  is,, in  these  cases,  purely  hydrostatic, 
as  in  other  Siphonophora  in  which  there  is  a  gas-gland  and  no  ti'acheae. 

Chun  C.yBericht  Ub,  cine  nach  d,  Canarischen  Inseln  ausgef,  Heise,  Sitzb.  Acad. 
Wiss.     Berlhi,  1888. 

The  gonophores  which  are  produced  on  the  gonostyles  are  small 
4-radiate  medusae,  which  do  not  produce  sexual  cells  until  after 
detachment,  when  they  are  known  as  Chrysomitra. 

It  is  probable  that  the  young  of  the  Disconectae  pass  through  a  larval  stage 
resembling  in  structure  Discalia.  This  would  be  the  so-called  Dtsconuta^  a  form 
actually  met  with  in  Discalia  and  presenting  an  8-radiate  medusiform  structure 
with  eight  radial  canals,  eight  marginal  tentacles,  and  a  dorsal  8-radiate  in- 
vagination of  ectoderm — the  pneumatocyst. 

Fam.  1.  Bisealidaa.  From  the  deep  sea.  Ex -umbrella  without  crest, 
gonostyles  without  mouth,  pneumatocyst  divided  into  a  central  chamber  sur- 
rounded by  8  radial  chambers,  to  which  may  be  added  a  still  more  circumferential 
arrangement  of  5  to  10  concentric  ring-chambers.  These  chambers  communicate 
with  each  other  by  the  apertures  called  pneumoihyrcu,  and  some  of  them  with 
the  exterior  by  stigmata.  The  tentacles  have  terminal  cnidosphere8.t  Discalia 
H. ;  Diseonalia  H. 

Fanu  2.  Porpitidaa.  Circular  umbrella  without  crest ;  pneumatocyst  divided 
into  an  octoradiate  central  {uirt  and  numerous  concentric  rings.  The  gonostyles 
have  mouths.  Pneumothyrae*  are  present.  With  many  stalked  cnidospheresf 
on  the  tentacles. 

•  Pneumothyrae  are  communications  between  the  concentric  chambers  of  the 
pneumatocyst.      f  Cnidospheres  are  spherical  knobs  com|)osed  of  cnidoblasts. 
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Buh-rani.   1.      PorpalidM.      UmbrelU  highir  Tsalteil.      Pneamttocyat 

canilJaiialaU,  with  ■   radUtlf   lobste  margin.     Porpatia  H.   (Fig.   117) ; 

Fmyema  H. 

Sub-bm.   2.      ForplUUldM.     UniVrelli  HaI,  iligLtlj  Tialted.     Pn«n- 

nutocjit  discoidal,  without  prominent  radiJ  niirginal  lobe*.     PorpMia 

H. ;  ForpiUt  Lamarck. 
Full.  3.  TalsUidM.  With  an  elliptic*],  often  nearly  quadrangiilu-,  ambi«lU 
including  a  potytlislamoDB  pnrumstocfBt  of  the  ume  fonii,  composed  of  numerous 
n>nr«ntric  ringii,  and  usuallj  bearing  in  ita  diagonal  a  vertical  creat.  Hartal 
tentaclra  simple,  witbODt  cnidoBliheres ;  gonoaty lea  with  mouths.  A  chitinons 
(irolongBtion  of  tho  pneuniatocjat- lining  into  the  crest  is  generally  present. 
The  S-rsdiate  character  of  the  canal  gyatetii  eiiata  but  is  much  hidden  and 
baa  become  in  [art  liilatenil.  The  pneiiniatocyst  consiata  of  a  central  chamber 
sometiniea  niarkedlj  8-radiate  and  of  many  concentric  elliptical  rings,  vitli 
stigniato  and  pneiimotbyrae.  Solaria  Each.,  pneumatocyst  withoat  crtaL 
Vcldia  I^maruk  ;  ArvteniOa  H. 


Sub-onler  2.     Siphoiuuitluw. 

Stent  (roenoMvie)  formed  by  the  viamihrivm  of 
the  oriijinat  hilaieral  m&lum.  The  bvds  arise  in 
the  renlralHne  of  this  Tiianulirium.  Larva  hilaieral 
(Slphonnla). 

Section  1.     Calvcosbctab.     Caltcophoridab. 

aiplumanthae  icith  one  or 
more  nectocalycee,  irithout 
jmetimaiorytt  anil  jiatjioru. 
Cor)Mitlia  onJinaif. 

A  typical  member  of  thia 
gitmp  such  as  Dijihye*  {Fig. 
118)  consists  of  ft  long  con- 
tmctile  hollow  stem  bearing 
nt  its  upper  end  two  opiwsed 
nectocalyccs  or  ewiiuming 
bells  without  nmnubrin,  but 
with  four  miiial  canids,  n 
circular  cnnal,  imil  velum ; 
anil  at  regular  intervals  along  ^^^ 
its  course  groHi>s  of  inili- 
vidunls  called  eormi-Jia  (Figs, 
119,  120). 

At    tlu'    p.int    where    the 
■  stem     ji>iiis     the     neetociUyx 
(Fig.    121),   or    between    tlie      to tonn cndoitdL 
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nectoc&Ijc«B  if  two  are  present  (Fig.  118),  there  is  a  deep  groove  or 

pit  in  the  jelly  called  the  hydroecium,  into  which  the  contractile 

Btem  with  its  cormidia  can  be  retracted.     In  the  jelly  of  the  upper- 

meet  nectocalyx  is  a 

space  lined  by  laige 

vacuolated  cells,  and 

sometimes  containing 

an  oil-drop.    This  is  a 

dilatation  of  the  upper 

end    of    the    central 

canal  of  tlie  stem  and 

is  called  the  samato- 

q/gt. 

Each  corniidium 
consists  of  two  medu- 
Boid  individuals — the 
one  of  these  is  a 
sterile  and  the  other 
a  fertile  niediisoid. 
The  sterile  medusoid 
consists  of  a  bract  or 
hydrophyllium,  a' 
siphon  (trumpet- 
shaped  polyp),  and  a 
tentacle,  while  the 
fertile  one  is  a  gono- 
phore.  The  hydro- 
phyllium is  the  bell 
of  the  sterile  medu- 
soid; it  possesses 
rudiments  of  the 
radial  canals  wliich 
rodiate  from  an  api- 
cal dilatation—  the 
phylloeygt  (Fig.  120) 
— which  corresponds 
to  the  somatocyst  of 
the  nectocalyx  and  is 

connected  with  the  central  canal  of  the  stem.  The  siphon  is  the 
manubrium  of  the  sterile  medusoid,  which  is  displaced  from  its 
umbrella  and  has  a  trumpet-shaped  mouth  at  its  free  end.     The 


Fid.  I9X— fudocla  ErluclKituU—t  fcnula  endoild  of  Jfiif- 
giOBi  Koekil  (IftM  Cbnn),  with  helm«t-i1up«l  faydrophjl- 
Itam,  6r  conUloing  phyllocyM,  ilpliDii  p,  UnUcIs  I,  nod 
thiw  gonaphon*  ot  dlDUrttiC  ffa,  go',  31P,  ^,  wltb  «ggi 
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tentacle  is  the  single  marginal  tentacle  of  the  medusoid  which  has 
shifted  on  to  the  base  of  the  manubrium.  In  some  forms  the  gono- 
phores  become  sexually  mature  while  still  attached  to  the  stem,  but 
in  the  greater  number  the  cormidia  are  detacheil  l)efore  maturity 
and  become  free-swimming.  Such  free-swimming  groups  are  called 
Euchxia  (Fig.  120),  and  are  distinguished  as  monogastric  forms 
(there  being  oidy  one  mouth  and  stomach)  from  the  polygastric 
colonies  from  which  they  arise,  and  when  found  free  are  classified 

separately  from  the 
polygastric  forms,  just 
as  the  medusae  of  the 
Anthomedusae  are  classi- 
fied separately  from  the 
polyp  colonies.  The 
nutritive  canals  of  all 
the  parts  of  a  cormidium 
unite  in  the  bract  (Fig. 
120),  from  which  point 
a  bracteal  canal  ^msses 
to  join  the  canal  of  the 
stem.  The  phyllocyst 
(Fig.  120),  which  corre- 
sponds to  the  somatocyst 
(Fig.  122),  arises  from 
the  same  point.  The 
tentacle  is  tubular  and 
is  beset  with  a  series  of 
lateml  teiitiUa,  also  tubu- 
lar. Each  tentillum  is 
composed  of  three  parts 
— (1)  a  thin  pedicle  or 
proximal  part,  (2)  a 
dilated  middle  part  the  cnulosac,  and  (3)  a  slender  tenninal  filament. 
The  swelling  of  the  cnidosac  is  due  to  a  rich  development  of  nemato- 
cysts  of  various  kinds,  forming  the  battery. 

The  gonophore  has  a  4-radiate  canal  system  and  a  velum,  but  is 
withcmt  tentacles  or  mouth  (Fig.  120).  The  sexual  cells  originate 
in  the  ectoderm  of  its  manubrium.  It  forms  the  swimming  organ 
of  the  cormidium.  In  some  forms  it  becomes  detached,  and 
then  a  secondary  gonophore  is  formed.  In  some  si)ecies  (of  Ahyla) 
a  cluster  of  small  gonophores  is  developed  in  a  single  cormidiimi, 


Fio.  \2\.—Sph(X€ronectes  grwMU  (from  Chun),  seen  from 
the  side,  ny  hydroecium :  col  somatocyst ;  cv  Tentral 
radial  canal,  c.d  dorsal  radial  canal,  c.c  circalar  canal 
of  nectocalyx ;  tr  coenosome  with  cormidia. 
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in  which  case  a  special  nectocalyx  i^  developed  aa  a.  Bwimming  organ. 
The  gonophores  are  of  separate  sexes,  but  the  same  stem  is  usually 
hermaphrodite,  bear- 
ing male  and  female 
connidia. 

The  variations  in 
structure  of  the  order 
depend  principally 
upon  the  number  of 
the  nectocalyces.  Id 
the  MonopTiyidae 
there  is  one  necto- 
calyx, in  the  Diphyi- 
tlae  two,  and  in  the 
Polyphyidae  several 
pairs  of  nectocalyces. 

The  first  rormed 
nouthlesB  siphun  ia 
(apposed  bj  Haeckel 


I  ton 


the 


■tern  of  the  future  colony. 
The  oldest  comudium  U 
Uwt  which  ia  placed 
fiirtheat  from  the  necto- 
calyces (Fig.  122).  Cbnii 
ttstes  that  the  Grat  nec- 
tocalyx (cap-ahapcd)  is 
retained  onl;  ia  Mono- 
pkyet  and  SphaeraiucUt 
(Fig.  121);  in  the  other 
Calgcomcfat  It  is  thromi 
off  and  replaced  by  a 
differently  shaped  (pyra- 
midal) secondary  necto- 
ealyi  (Fig.  122),  to 
which  more  secondary 
nectocalycea  are  added 
later.  All  Calyamedae 
pus  therefore  through  a 
monophyid  stage. 

As  stated  above  the 
bads  of  the  comitdia  are 
always  formed  at  the 
nppar  end  of  the  stem, 
to  that  the  oldest  cor- 
midium  is  the  lowest  (Fig.  122).  The  law  aa  to  the  formation  of  the  ned 
caljcea  is  not  clear  is  the  CaiyeontdiK,  but  in  the  Phytonettat  the  pueumatophc 


!.— Young  colony  or  Xvmiaax  IwcUI  with  the  prjmaiy 
itupRl  DHtoolyi  {At  wlileh  Is  soon  cut  off,  and 
econdary  pjnmldal  nectocaljni  (S).  e.cl  somatocyxt 
oil-drop;  Ay  hydroednni ;  (r  coenoKunn  (atom)  with 
HiniildU,  the  npper  one  being  the  jronBRor;  tr  buil 
of  gonophon  ;  ji  siphon;   t 


of  hydropliylllan 
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JH  Ht  tlie  tap  nf  tlie  stem,  the  jroungest  nectocalyx  bud  next  to  it,  n-hile  tht 
oldest  DectixsljK  is  at  the  lon'est  end  of  the  siphosonie,  i.t.,  next  the  youiigcdt 
coiiiiidiuni  bad. 

Tfae  develojiuicnt  of  the  egg  tesdH  to  the  formation  of  a  variet;  of  the 
SiphoHiih  larva  (Fig.  123].  It  is  a  iiieduiioid  composed  of  a  nectocalyx  (A)— 
tlic  umbreUa,  of  a  cylindrical  mouthleaa  process— the  manubrium,  aud  of  a 
tentacle.  The  moutlilisH  procem  is  attaclied  to  the  ei-imibrella  surface  of 
the  nectocaljx  (to  wimt  is  callnl  in  Siphonophoran  parlanco  its  ventral  aide), 
aud  ia  regarded  bj 
Haeckel  as  the  original 
aiphou.  It  is  supposed 
to  have  protruded 
through  a  fissure  iu  the 
ventral  wait  of  the  nec> 
tocalyx.  This  disloca- 
tion* of  the  aiphon  (if 
it  really  exists)  from  its 
proper  position  in  tb> 
uectocalyx  is  an  example 
of  a  Tridea):?eBd  phenom- 
enon in  the  Siphono- 
pliora,  which  accounti 
for  a  good  iiiany  of  the 
peculiar  features  of  the 
group. 
The     alternation 


genei 


this 


between  the 
polygastric  colony  and 
the  monogastric  cormi- 
dium,  produced  by  bud- 
ding from  the  fonuer 
and  when  detached 
knoim  aa  a  eudoiid.t 
The  gODopbore  of  tiie 
eudoxid  alter  shedding 
its  genital  cells  is  cast 
olT  and  a  new  gonophore 
is  formed. 

Fam.  1.  EndozidH. 
Monogastric,  comiidium 
composed  of  tiro  medU' 
soids,   a   sterile    and   a 

*  This  attachment  of  the  primary  siphon  to  the  ex-imibrella  surface  of  thct 

Srhuaiy  nectocalyx  is  a  senous  difficulty  to  the  medusome  theory.  Tha 
iSiriilty  may  be  got  over  by  supposing  that  the  prirnarv  siphon  is  the 
nianuliriani  of  an  umbrella  which  bos  disappeared,  and  that  the  primary 
nectocalyx  is  tiie  first  bud  from  tlie  giersistent  manubrium. 

t  In  some  forms  the  primary  gonophore  loses  its  sexnal  manubrium,  awl 
ia  develojuil  into  a  special  nectocalyx,  and  a  secondary  gonophore  is  formed. 
In  this  cBse  the  cormidium  is  comiioscd  oF  three  medusoids,  and  is  called  an 


CALYCONECTAB.  149 

fnlile;  without  special  nectocaljx.  Diplophyaa  Gogenbtur ;  Ettdoxclla  H.; 
Cuaiialwl  Q.  and  G.;  OiKitltta  Q.  and  G.;  Cuboida  Q.  aad  G.;  Amphiroa 
Blainville  ;   SpkeKoides  Huxley  ;   Aglainna  Esch. 

Fain.  2.     SraMtdte.    Monogastric,  cormidiuiii  contpoaed  or  three  luedusoids, 
a  at«rile,  a  fertile,  and  a  special  nectocalji.      Eraaea  Kscli.;  Lilaea  H. 

Fam.  3.  XonophjidEe,  t'alyconectae  Polygfialriau  with  a  single  necUiphore 
at  tbe  apex  of  the  long  tubular  stem.  Conuiilia  eudoxiform,  separated  by  equal 
free  ioternodes  ;  each  siphon  ttith  a  bract.  Monophyei'  Claua ;  Sptuitroneda* 
Huxley  (Fig.  121) ;  Mitropkyti  H.;  Cymbmuclti^  II.;  Mvggiata-\  Busth.  (Fig. 
12S);  CVmiaEsch.;  Doramana-^ 
Chun ;  HalopyramU^i  Chuu. 

Fam.  4.  SiphTidaa.;  Potj- 
gaatric  Calyconeclae  with  two 
□ectocaljces  at  the  apei  of  tlie 
loDg  tubular  trunk.  Cormidis 
eudoxiform  separated  by  free 
equal  intemodea ;  each  siphon 
with  a  bract.  Fmya  Blainville  ; 
OaUolaria  (confounded  with 
Bpibulia  a  Cystouect)  Lesueur ; 
Dipkya  Cuvier  (Fig.  118] : 
DiphgopHi  H.;  Abyla  Q.  and  G.; 
Batria  Q.  and  G.;  Calpt  Q. 
and  G. 

Fam.     6.       SUphknaphjidM. 

Polygastric,   with  several  apical 

neatocalycea  and  a  special  nectO' 

calyx  on  each  cormidium.     VTitli 

imall  palpona  with  long  tentacles 

on  the  intemodes.    Cormidis  not 

set  free  as  ersaeids.     SUphano- 
pkyei  Chun. 

Fam.  S.   DMDopliyidM.   Poly- 

gaatric  CalycoHettOft  nith  foiir  or 

more   nectocalycea,   opposite,   in 

pain.     Cormidia  endoxifonn  or 

enaeifarm,   separated    by    equal 

inttmodEs ;   each  aipbon  with  a 

bract.   DtimaliaJl.;  Degnxophya 

H.;    urobrella    edge   of    special 

ntctocalyi  with   S  ocelli  and   8 

■hort  tentacles. 

Fam.  7.  FoljphTldk*,  Poly- 
gastric Calycoaietat  with  four  or 


Fio.  \U. — Ad  advaneed  Sijivmnin  larva  of  Rti- 
bidia  fliirnnliir'vwltb  oau  lar^e  DMtocalyx  (after 
Metaehnlkoff.  from  Balfour).  M  somatocyat; 
Kc  iKond  iinporfuclly  dcTflopeil  nectoalyi; 
kph  hTdrDphylltaui ;  po  Hlpbon ;  (  tentarl^. 


*  Aocolding  to  C\\aa  the  primary  nectocalyx  of  the  larra  persists  in  these 
genera,  and  there  are  no  secondary  or  replacement  nectocalyces. 

t  Chun  states  that  in  these  genera  tlic  primary  cap-like  nectocalyx  is  thrown 
off  and  refilacod  by  a  pyramidal  secondary  nectocalyx, 

X  In  this  family  the  primary  nectocalyx  is  replaced  by  two  secondary  bells, 
ahioh  are  themselves  replacea  by  a  succession  of  ainiilar  bells  formed  from 
■iniilar  buda. 
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nioro  nectocalycca  opposite  in  pairs.  Cormidia  without  bntcts.  Gonopbores 
mch  maturity  wliile  attached  to  the  stem ;  no  free  eudoxida  or  ensaeids. 
Hippopodim  Q.  and  G.;   Polyphyea  H.;    Voglia  KiJUiker. 


Physoxectab,     Phybophoba. 

iplumanfhae  trith  a  pneumaloryti  ami  set-era).  neHoralyeeg  {or 
hrarfs  imfeatt},  awl  j>al- 
porw-.      ConnuHa    onHnale 

The  Phytoneetae  include 
moni^nstric  and  polygastric 

The  Btem  canying  the 
cormidia  is  either  short, 
sometimes  spread  out  in 
the  form  of  a  sac  (Fig. 
125),  or  elongated  and 
spindly  twisted  (Fig.  126). 

The  small,  often  brightly 
coloured  apicat  pneumato- 
phoro  is  without  a  tcmiinnl 
opening  of  the  jineumato- 
rffgf,  though  sometimes  an 
opening  near  its  base  may 
be  made  out.  The  endo- 
dermul  space  of  the  pneu- 
matophore  itself  is  usually 
divided  by  a  number  of 
radial  septa  into  pouches, 
wliile  the  invaginated  pneu- 
matocyst  is  divided  into 
two  communicating  parts 
— an  upper  part  nitli  a 
chitinous  lining,  and  a 
lower  part  with  a  thick 
glandular  lining.  The  latter 
is  called  the  air  funnel.  It 
is  the  gns  gland  and  its 
lining  secretes  the  gas  of 
the  pneumatocyst.  Thenec- 
tocalyces  (except  when  replaced  by  paddling  bracts  with  rudimentary 


phore ;  S  necloMlycoa  amiigeil 
va  tha  Btem ;  T  palpou  ;  P  lipbi 
Sf:  Sk  (troupB  at  neiiatocjiti 
clnatf  n  of  gonuphorcc 
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nectocalyces  at  their  ends) 
are  usually  numerous. 
They  have  four  radial 
canals,  a  circular  canal,  a 
velum,  and  aometimes 
ocelli.  The  cormidia  are 
rarely  dissolved :  i.e.,  the 
ports  are  rarely  scattered 
along  the  stem,  but  gener- 
ally ordinate,  i.e.,  in  groups 
{Fig.  126).  Each  conni- 
dium  consists  of  one  siphon 
(sometimes  two  or  four) 
with  tentacle ;  several  pal- 
pons  each  witli  a  tentacle 
called  a  paljtaele;  several 
bracts  which  may  even  in 
the  forms  with  ordinate 
cormidia  occur  in  the  in- 
temodes  of  the  stem  (Fig. 
126);  two  gonostyles,  one 
bearing  male  gonophorea 
and  the  other  female,  and 
VBiy  often  a  CTSton.  A 
cyston  is  a  structure  like 
a  palpon  but  with  a  ter- 
minal opening:  it  acts  as 
an  anua  to  the  colony,  ex- 
pelling fiuid  and  crystalline 
excretions  through  its  aper- 
ture. 

The  batteries  of  the 
tentilla  of  the  tentacles 
are  enveloped  in  an  invo- 
lucmm  or  fold  of  ectoderm 
arising  at  their  proximal 
end.  The  female  gono- 
phore    produces    only    one 
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Tlie  plnnuU  develops  >t  one  pole  a  pneumatocy at  as  a  thickeniDg  and  involu- 
tion of  ecttidenn  (like  the  eiitO(K>doii  of  ■  meduBa  bud),  and  at  tlie  other  a  sjphau 
(Fig.  127  d).  The  pneuniatocyst  is  supposed  by  Chun  to  he  homologous  with 
the  prinuLr;  nectocalyi  of  the  Calyeoiiedot.  In  some  fomis  the  upper  part  of 
tbe  body  gives  rise  to  a  cap-shaped  bydroplijllium  as  well  aa  to  a  pneuniatophore 
(Fig.  127).  The  crown  of  hydrophyllia  wliich  is  sonietinies  formed  persists  only 
in  AtkoTi/bia,  where  nectocaljcita  are  not  fonned.  In  AgalinoptU  and  Fhyao- 
phora  the  primary  hydrophyllia  of  the  larw  (Fig.  128)  fall  off  as  the  stem 
becomes  larger,  and  are  replaced  by  nectocalyce^. 


Fni.  ir.— DsvFlopmant  ot  Afaltitjali  Snrill  <iftaT  HetMbDlkofT).  u.  I'linnla:  l>,  Migewitb 
rienloiring  lifdroi>hylliuni  D;  c,  Htagc  with  cap-ab>ped  hjidrophyHliiin  (^)iiih1  devalopigg 
pneumalocyit  IJ;  d,  gUge  with  thiM  hydrophyllia  {D.  D',  D'%  siphon  F  and  Untacle ; 
IJ  pneniuatocyiC. 

Fsm.  1.  CiroalldM.  MoDogaatric  Phyvmcctae  witli  a  corona  of  ucctocalyccs, 
without  bracts.     Circalia  H. 

Fatn.  2.  Athoridae.  Monogsstrio  Phyaoneclat  nith  e.  coroiia  of  bracts,  without 
Uect^calyces.     Alhoria  II.;  Alhomlia  H. 

Fam.  3.  Apollmidaa,  rolj'gaatric  Phyaoiiectae  with  a  long  tubular  stem 
bearing  uumcroua  siphons,  palpous,  and  bracts ;  each  siphon  with  unbranched 
tentacle.  Nectocalycea  biscrial ;  either  two  op]Kisitc  nectocalyces,  or  two  alter- 
nate series  of  opjiosite  neotocalyces,  Tncuinatophore  without  radial  pouches. 
Ncctocalyces  with  tezitaclea  arising  from  the  steiiL 

Sub-fam.  1.  SioTmbidas.  Tivo  opposite  ncclocalyces  only.  Cormidia 
monogastnc  ;  each  with  a  single  cjaton.     Oici/mbn  H. 

Suh-fam.  2.  Apolemoptidae.  Tno  opposite  rou-s  of  nectocalyces.  Cor- 
midia  polygastrio ;  each  with  several  cj-stons,  Apotemia  Each. ;  ApaUmofsii 
Brandt 
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Fftm.  i.  *g* '*""*"  Polygastric  Fkyionedat  n-ith  a  long  tubalsr  stem, 
beuinfc  nunierouH  siphons,  palpona,  Hud  bracts.  Ifectocalycea  numerous, 
biaeml.  Pneumstophare  with  radial  pouches.  All  the  geaera  except  four, 
Tiz.,  SUphanomia  Per.  and  Les.,  Cnjatalloda  H.,  Antheiiuxia  H.,  Cuntolaria 
Eysenhardt,  have  dUaolved  connidia.  Phyllophysa  L.  Ag. ;  Agalma  Escli.: 
BalUteviiaa  Huxley  (Fig.  126) ;  Cupulita  Q.  and  G. ;  AgnlmopHs  Sars  (Fig.  ISS) ; 
Lychnagaliita  H. 

Fam.  6  FonkalidM  Foljgaatric  ivilh  a  long  tubular  stem  bearmg 
BumerouB  siphons  palpons  bracts 
each  siphon  irith  a  branched  ten 
tacle  Nectocalyces  numerous 
moltisenat  strobilifotm  in  several 
spiral  rows.  Pneumatopho  e  with 
radial  pouches.  The  largest  and 
moat  splendid  of  all  Phyxmedae 
CormidiA  disBolred  in  all  except 
StmbaUa  H  ForaLalxopaxi  H  has 
pilpactea  among  the  nematocal^ees 
FoTtJcalut  koUiker  Ba&jphyaa 
Stnder 

Fam.  e  HeatAlidM  Polyg^ 
tnc  with  a  short  vesicular  stem 
bearing  numerous  siphons  palpooa 
and  bracts  tentacles  Irauched  2 
or  4  rows  of  nectocaljces  Pneu 
matophoro  with  radial  pouches. 
Nataiia  H     SjAtpvphyia  L.  Ag 

Fam  7  OiHolabiiae  Like 
the  preceding  but  with  a  corona 
of  palpons  instead  of  bracts  ;  witli- 
oat  bracts.  Phyaophora  Forskal, 
Uscrial  nectocalyces  [fig.  125) ; 
Dittotahe  Each.,  quadriserial  necto- 
catjrcea  ;  Stephanospira  Gegenliaur, 
multiserial  nectocaljces. 

Fam.  8.  AathophjatdM.  Poty- 
gsstric,  with  short  vesicular  stem 
bearing  numerous  siphons  and  pal. 
pons  ;  each  siphon  ivith  a  branched 
tentacle.  Nectocalyces  replaced  hy 
corona  of  bracta  (as  in  Fig.  128). 
Pnenmatophore  with  radial  pooches. 
Bktidqpksta  Blainville;  lielophyta  H.;  Athorybia  Esch.;  Anthophyia  Mertens; 
Flotopkyta  Fewkes. 

Section  3.     Auronectab. 

Siplionanthae  trith  a  large  pneumatophm-e,  a  eorona  of  nwioeedyeea, 
a  peculiar  aurophore,  ami  a  neticork  of  ranah  in  the  jelly  of  the 
tkickeneil  trunk.     Sipboeome  efikeroidal,  ovate,  or  fumip-skaped. 

Deep  sea  fomiB.     The  anrophore  (Fig.  129)  is  an  appendage  of 


rotAs'^m'' 


Fia.  1!S.— SiiwU  Isrral  ci 
the  typ«  or  Alhorylrin.    IJ  pnetUDfttophors ;  J 
the  cnwn  oT  hy<)ropbyllia ;  Nk  groupe  or 
tocfata;  faiphon. 
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the  pneumatocj-st,  and  contains  a  central  tube  putting  the  cavity 
of  the  pneumatocj'st  In  communication  with  the  exterior.  It  is 
placed  on  one  side  of  the  pneumatophore,  and  ite  central  tube 
(pietillum)  is  surrounded  by  a  number  of  radial  chambers,  which 
are  aeparated  by  septa  and  communicate  with  the  pericystic  (endo- 
dermal)  space  of  the  pneumat«phore.  Very  possibly  the  aurophore 
is  a  gas-secreting  gland. 


Fun.  2.    BhodalidM. 


Fill.  li».—!il€iilialU 
Sff  coroDA  of  IKCtocmljt 


Section  4.     Cvstoxectak.    Physalidae. 

SipJionanfhae  trith  a  lanje  apkal  j>neuma/ophore  irifhoui  necfo- 
eaJyfeg  awl  mtltout  hraets.     Pneumatocyef  trith  an  apifal  siigma. 

This  onler  includes  Pht/mha,  the  well-known  Portuguese  Man 
of  War,  which  we  may  take  as  type, 

Phtpialia  poesesses  a  large  pneumatophore  lying  nearly  horizontally 
and  liearing  poateriorly  and  veutraUy  the  numerous  siphons,  palpons, 
and  branched  gonostyles.  The  stigma  is  at  the  front  end  of  the 
pneumatophore,  and  leads  into  a  large  pneumatocyst.  The  pericystic 
cavity  is  simple  and  not  divided.     The  air-secreting  cella  or  paeu- 


CYSTONECTAB.  155 

madenia  are  confined  to  the  under  part  of  the  pneumatocyst.  The 
float  bears  on  its  dorsal  side  a  crest  formed  by  a  fold  of  the  trunk, 
t.e.,  of  the  part  of  the  body  which  projects  behind  the  sac  (as  well 
as  ventral  to  it),  and  which  carries  the  cormidia.  The  pneumatocyst 
extends  into  the  crest,  and  becomes  divided  up  by  a  number 
of  transverse  septa  into  air-chambers.  The  cormidia  are  very 
numerous;  they  appear  to  be  dissolved  in  the  old  individuals,  but 
in  the  younger  stages  they  are  ordinate.  When  they  can  be  made 
out  they  may  be  seen  to  consist  of  palpons,  siphons,  and  branched 
gonostyles  arising  from  a  common  stem.  The  tentacles  arise  from 
the  palpons.  The  gonostyles  are  hermaphrodite,  and  the  female 
gonophores  break  away  and  develop  their  ova  as  free -swimming 
AntJiojiiedusae, 

The  youngest  larva  of  the  Phyaalidcte  is  known  as  a  CysUmula,  It  has  a 
float  and  one  siphon  with  tentacle  hanging  below  it.  Later  it  elongates 
horizontally  and  produces  on  the  ventral  side,  anterior  to  the  first  siphon 
(i.«.,  nearer  the  morphological  apex),  the  cormidia.  The  primary  siphon  or 
oonnidium  persists  at  the  hinder  end  of  the  float,  i.«.,  at  the  end  opposite  to  the 
stigma,  and  is  in  some  forms  always  marked  off  from  the  nimierous  secondary 
cormidia. 

There  are  monogastric  and  polygastric  forms  in  the  order.  Tlie  pneumatocyst 
has  generally  a  gas-secreting  thick  epithelium  or  pneumadenia  in  its  basal  part. 
This  may  be  partly  constricted  off  as  a  hypocystic  air-funnel.  The  epithelium 
of  the  pneumadenia  in  many  forms  sends  out  branching  villi  of  its  ectoderm 
which  project  into  the  pericystic  space,  and  are  covered  towards  the  latter 
by  its  ciliated  endodermal  lining.  .  These  hypoq/stic  villi  are  composed  of 
large  cells  and  are  solid.  They  are  probably  mechanical  in  function  helping 
to  support  the  air-vesseL 

In  many  forms  the  gonostyles  bear  palpons  (gono-palpons) ;  and  in  the 
Physalidae  the  palpons  have  a  tentacle.  The  tentacles  are  often  branched, 
but  without  a  cnidosac  (battery).  The  sting  of  Phymlia  is  particularly 
poisonous. 

Fam.  1.  Cyitalidae.  Monogastric,  with  one  large  siphon  bearing  a  tentacle 
and  surrounded  by  a  corona  of  siphons.  Pneumatophore  without  radial  septa 
or  hypocystic  villi.     Cystalia  H. 

Fam.  2.  Ehiiophyiidae.  Polygastric,  with  a  long  stem  bearing  in  its 
ventral  median  line  nmnerous  monogastric  cormidia  with  single  palpon  and 
tentacle.  Pneumatophore  large  with  radial  pericystic  pouches,  but  with  hypo- 
cystic villL 

Sub- fam.  1.  Cannophyiidae.  Cormidia  ordinate.  Gonostyles  attached 
to  the  stem  at  the  base  of  the  siphons.     Aurophysa  H. ;  Cannophysa  H. 

Sub-fam.  2.  Linophysidae.  (Jormidia  dissolved.  Gonostyles  attached 
to  stem  between  the  siphons.  Linophysa  H. ;  Neciophysa  H. ;  Pneumophysa 
H. ;  Hhizophyaa  Fh.  and  Les. 

Fam.  3.  Salaeidae.  Polygastric  with  long  stem  bearing  in  its  ventral 
median  line  numerous  polygastric  cormidia.  Pneumatophore  large,  without 
radial  pericystic  pouches,  but  with  hypocystic  villi.    Salacia  H. 
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Tuu.  4.  EpibnlLdu.  Polygaxtric  with  a  sliort  ii]f)ftt«d  epinillj  conTolntHl 
xteni.  Corniidui  ordinate  iu  a  spiral  ring  protected  bj  a  corona  of  palpou. 
Pneumatopliorv  uilhout  |ifricystic  railjal  pouches,  but  with  hypocystic  villi. 
J^ibiilia  Escli. ;  Angela  Lesson. 

Fani.  G.  Fhyulidaa.  Tolfgastric,  with  a  short  inflated  stem  horizontal!; 
expanded  along  the  ventral  side  o{  the  large  horiiontal  pneuniatophore.  Cor- 
midia  in  a  multiple  aeries  along  the  veiitrot  side  or  the  trunk,  ivniallj  dissolved. 
rDPiimatopliore  large,  with  a  chanibered  dorsal  crest,  without  radial  sepU 
or  hypocystio  villi.  Altjjihola  Brandt;  Artthwa  H.;  Fkyialia  Lanrnrek; 
Varattlla  H, 

OUbb  n.     AOALEPHAE.*    ACBA8PEDA. 

MfJuKoe  of  caimifernftle  size  irifli  f/Mtra!  filamentt  (pkaeeUap); 
Ktth  eniliKleniia}-  ijonwlg ;  iritk  loM  utiilirella-etfije ;  mfhout  intt 
velum. 

Tlic  medusae  of  tliis  cIhss  arf.  distinguished  from  those  of  tli<^ 


(iiiargliial  body):  JtOndlsl  vcswl ;  T,  Untitle  it  cdga  ot  the  a<ae. 

•  E.  Haeckel,  ^onosrmjiAterf'T.Vrrfli*™,  Jena,lB79.  L.  Agnaaii,  ContrauttoM 
to  the  Natural  Hillary  of  the  UaiUil  Stata,  AcaUphnc,  vol.  3,  1S60,  vol.  t, 
1882.  C.  Clans,  "  Stmlien  iiber  I'olvpen  u.  Quallen  der  Adria,"  Deiiis.  d.  k. 
Atad.  Wiag.  Witn,  1877.  /''■,  Unu'ra.  fli.  d.  Orgunitalum  k.  £nlic.  Acale^n, 
Prag,  1883.  A.  Giitte,  Ob.  d.  Enlwickfltrng  v.  Anrelin  aurxla  u.  ColylorhiM 
luberculala,  1887.  C.  Clans,  "  Ub.  die  Entwick.  des  Scyphoatoma,  etc,"  1.  and  II. 
Arb.  a.  A  Zool.  Itut.  WUn,  9  and  10, 1391  and  1883. 
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ffytlromedume  by  their  larger  size  and  the  greater  thickness  and 
stiffness  of  their  umbrella,  the  gelatinous  tissue  of  which  contains 
a  quantity  of  strong  fibrillae,  and  a  network  of  elastic  iibres. 

Another  characteristic  of  the  group  is  derived  from  the  structure 
of  the  edge  of  the  umbrella.  This  is  divided  by  a  regular  number 
of  indentations  usually  into  eight  groups  of  lobes  between  which  the 
sense  organs  are  contained  in  special  pits  (Fig.  130). 

The  marginal  lobes  of  the  Aealejjhae,  like  the  continuous  velum 
of  the  HytlromeihtKae,  appear  to  be  secondary  formations  at  tlie  edge 
of  the  disc.  In  the  young  stage  known  as  Ephyra  (Fig.  131),  which 
ia  common  to  most  of  the  Ephyiiminae,  they  are  present  as  eight 
pain  of  relatively  long  tongue-like  processes,  and  grow  out  from  the 
disc-like  segments  of  the  Stvobila  as  marginal  processes.  An  un- 
divided marginal  membrane  (the  reln- 
riuiii),  differing  from  the  velum  of  the 
Crayieilofa  in  containmg  prolongations 
of  the  canals  of  the  gastrovascular 
system,  is  present  in  the  Ckai-yhdeiilae 

The  Aealephae  differ  from  the  Hy- 
ilrmnedusae  in  possessing,  as  a  rule, 
large  oral  tentacles  at  the  free  end  of 
the  wide  manubrium.  These  may  be 
regarded  as  being  derived  from  an  p,^  ui-ao  Ei*vn. m 
unequal  growth  of   the  edges  of  the        <™'  »''i"-   «*■'  m»rgiii*i  body ;  o/ 

.,         rj^  ,  ,.,  gMtnl  fllmnent;  Be  ndlil  pooch 

mouth.     They  grow  as  four  arm-like        gf  enteron ;  o  mouth. 
processes  of  the  manubrium  from  the 

angles  of  the  mouth,  and  are  placed  perradially  (see  p.  118,  not«), 
t.e.,  they  altemat«  with  the  genital  organs  and  gastric  filaments. 
In  some  cases  the  arms  become  forked  at  an  early  period,  and  four 
])airB  of  arms  are  formed,  the  lobcd  tufted  edges  of  which  may  again 
divide  and  subdivide  into  many  branches.  In  this  case,  the  mai'gina 
of  the  mouth  and  the  opposed  surfaces  of  each  pair  of  arms  fuse 
in  early  life  as  described  aljove,  p.  Ill  {RbizoBtomi<Jae,  Fig.  97). 

Furtlier,  there  is  to  1«  observed  in  the  Aealephae  two  types  of 
structure,  whicli  we  may  term  the  type  of  the  ii<->jphigtoma  and 
the  type  of  the  Ephyra,  respectively.  To  the  former  type,  which 
is  called  the  ScTphomednsiie,  belong  the  sessile  forms  {Lueeniaridae, 
Fig.  134),  and  swimming  forms  which  perhaps  possess  a  direct 
development  {Tesseruiae,  Fig.  133,  CliaryMeulae,  Fig.  136).  The 
eilge  of  the  umbrella  ie  only  incompletely  divided  into  lobes ;  marginal 
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bodies  are  absent  in  the  Lucernandae  and  Tessendae^  their  place 
being  taken  by  tentacles  or  marginal  anchors,  which  are  homologous 
with  marginal  bodies.  The  stomach  is  surrounded  by  four  wide 
gastric  pouches  separated  from  one  another  by  septa  (Fig.  99). 
The  sexual  organs  are  placed  in  the  sub-umbrella  wall  of  the 
gastric  pouches.  The  umbrella  is  usually  much  arched  and  fre- 
quently prolonged  into  a  stalk. 

The  second  type,  which  is  called  the  Ephyroninae,  is  a  modifica- 
tion of  tliat  of  the  Ejihyrd  itself.  The  Ephyra  (Fig.  131)  possesses 
eight  marginal  lobes,  which  are  forked  distally  and  carry  in  the 
clefts  of  the  forks  eight  rhopalia.  Ekich  marginal  lobe  has  a  radial 
prolongation  of  the  stomach  Tlie  Ephyra  therefore  shows  while 
it  is  still  on  the  Strohila^  a  predominance  of  the  8-radiate  structure 
in  opposition  to  the  4r-radiate  build  of  the  Scyphistoma  type.  At 
the  same  time  it  should  be  noted  that  the  more  centrally  placed 
organs  (buccal  arms,  gonads,  gastral  filaments)  arc  4-radiate.  Between 
the  eight  lobes  of  tlie  Epliyra  there  grow  out  later  eight  additional 
lobes  (sometimes  more),  also  bifurcated  distally  and  carrying  tentaclas 
in  place  of  the  marginal  bodies. 

The  Ephyroninae  then  are  distinguished  from  ScypJioinedusae  by 
the  lobed  stnicture  of  the  umbrella  edge,  by  the  presence  of  eight 
or  more  rlioi)alia,  and  by  the  division  of  the  peripheral  part  of  the 
coelenteron  into  eight  or  more  nidial  vessels,  which  are  seldom 
widened  in  a  j)ouch-like  manner.  The  gonads  are  interradial  and 
placed  in  the  ventral  wall  of  the  central  stomach.  The  umbrella 
is  flattened,  usually  discoidal.  The  PeriphyUitiae  (Fig.  135)  and 
Pericoljndae  are  intermediate  between  these  two  groups  in  that 
the  central  part  of  the  umbrella  presents  the  characters  of  the  Scypho- 
medtmaej  while  the  peripheral  parts  recall  the  stnicture  of  the  Ephyra, 
They  possess  four  knot-like  septa  which  bound  the  four  gastric 
pouches,  and  at  the  edge  of  the  umbrella  tliere  are  sixteen  places 
of  adhesion  l)etween  the  dorsal  and  ventral  endoderm.  Moreover, 
the  Periphyllitiae  have  four  taenioles  (gastral  ridges) ;  their  gonads 
are  in  tlie  circular  sinus;  the  umbrella  is  Ix^U-shaped  or  flat,  and 
marked  on  its  dorsal  surface  by  an  annular  constriction  wliich 
indicates  the  junction  between  the  ventral  Scyphistoma-like  and  the 
distal  Ephyra-like  part& 

The  Scyphii<toma,  which  may  be  regarded  as  the  promorph  of 
the  Scyphu medusae,  is  the  larval  form  of  the  Ephyroninae, 

The  gastric  filaments  which  are  worm-like  and  momble,  and  are 
not  found  in  Hydromedusae,  afford  a  distinctive  mark.     They 
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respond  to  the  mesenteric  filament  of  the  Anthozoa,  and  lend  the 
same  aid  to  digestion  by  the  secretion  of  their  glandular  endodermal 
covering.  They  are  always  attached  to  the  sub-umbrella  wall  of  the 
stomach,  and  fall  in  the  four  interradii,  i.e.,  the  radii  of  the  generative 
organs  which  alternate  with  the  radii  of  the  angles  of  the  mouth 
(radii  of  the  first  order).  They  usually  follow  the  inner  edge  of  the 
generative  frill  in  a  simple  or  curved  line. 

The  nervous  system  and  rhopalia  have  already  been  described 
(p.  115). 

The  four  generative  organs  of  the  Acalephae  can  be  easily  dis- 
tinguished in  consequence  of  their  size  and  their  bright  colouring. 
In  some  cases,  at  any  rate  in  the  Discoviedvsae,  they  protrude  as  folded 
bands  into  special  cavities  in  the  imibrella,  the  so-called  sub-genitid 
pits  (hence  the  term  Phanerocarpae  Esch.).  In  all  cases  these  bands 
lie  on  the  lower  (sub-umbrella)  wall  of  the  digestive  cavity,  from 
which  they  originate  as  leaf-like  prominences.  Their  upper  surface 
is  covered  with  gastric  epithelium;  their  under,  which  is  turned 
towards  the  sub-umbrella,  with  germinal  epithelium,  the  elements 
of  which  in  the  process  of  development,  pass  into  the  gelatinous 
substance  of  the  band.  The  subgenital  pits  have  already  been 
described  (p.  118):  they  may  be  completely  absent  {Ephyra^ 
Nausithoe) :  their  lining  consists  of  sub-umbrella  ectoderm  and  is 
quite  distinct  from  the  generative  epithelium,  which  is  of  endodermal 
origin.  The  mature  generative  products  are  dehisced  into  the 
gastric  cavity,  and  pass  out  through  the  mouth ;  but  in  many  cases 
the  ova  undergo  their  embryonic  development  either  in  the  ovary 
{Chrysaord)  or  in  the  oral  tentacles  {AureliaY  Separate  sexes  are 
the  rule.  Male  and  female  individuals,  however,  apart  from  the 
colour  of  their  generative  organs,  have  only  slight  sexual  differences ; 
as,  for  instance,  the  form  and  length  of  the  tentacles  {Aurelta). 
Chrysaora  is  hermaphrodite. 

In  the  Ephyroninae  the  development  is  generally  accompanied  by 
an  alternation  of  generations;  the  asexual  generations  being  repre- 
sented by  the  Scyphistonia  {Hydra  tuba)  and  Sfrohila;  but  in 
exceptional  cases  it  is  direct  {Pelaffia),  In  all  cases  a  complete 
segmentation  leads  to  the  formation  of  a  ciliated  larva  (Fig.  132  a), 
the  so-called  planvJa,  which  attaches  itself  by  the  pole  which  is 
directed  forwards  in  swimming.  This  pole  is,  however,  opposite  to 
the  gastrula  mouth,  which  in  the  meantime  becomes  closed,  while 
round  the  mouth,  which  is  formed  as  a  perforation  at  the  free  end, 
the  tentacles  appear  (Fig.  132  h,  c).     As  in  the  embryo  Actinia^  two 
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op]xii<it«  tentacles  first  make  their  appearance ;  not,  however,  simul- 
taneuuttty,  the  one  appearing  after  the  other,  bo  tliat  the  young  larva 
about  to  develop  into  the  Scyphistoma  presents  a  bilaterally  aj-m- 
metrieal  structure.  Subsequently  the  second  imir  appears  in  a  jilane 
at  right  angles  t4>  the  plane  of  the  first  tentacles.  These  four  tentacles 
mark  the  radii  of  the  first  order.  Then  alternating  with  these,  but 
in  a  less  regular  succession,  the  third  and  fourth  pairs  appear ;  and 
soon  after,  in  the  plane  of  these  latter,  four  longitudinal  fold* 
(Fig.  132  (/)  of  the  gastric  cavity  are  developed  (radii  of  the  second 
order  or  of  tba  gastric  filaments  and  genital  organs ;  often  calle<l 
the  inteirtuUi,  see  obove,  p.  118,  note). 


of  gutnl  ildgH. 


Fight-unuil  •cyphlitoiiui  wltti  *ld«  nioBth ;  JV  loiisl- 


The  eight-armed  SeyjiliiMoma  soon  produces  eight  fresh  tentacles 
(Fig.  132  f),  which  succeed  one  another  in  irregular  succession,  and 
alternate  with  the  tentacles  already  present.  Their  position  deter- 
mines the  intermediate  radii,  or  aih-adii,  of  the  future  young  Dixophur 
or  Ephijra.  After  the  formation  of  the  circle  of  tentacles  and  the 
seci'etion  of  a  clear  basal  periderm  {Chrygaora),  the  Scyphintoma  is 
capable  of  reproduction  by  gemmation  and  fission.  At  first  the 
Scyjihiittoma  apiwars  to  multiply  only  by  budding;  the  second  mode 
of  reproduction,  the  process  of  Ktrohiliiafion,  begins  later.  This 
consists  cssentiidly  in  the  fission  and  division  of  the  anterior  half 
uf  the  body  into  a  nuuilier  of  segments,  thus  changing  the  Scypkufoma 
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into  a  Strobila  (Fig.  132  /).  The  separation  of  the  segments  progresses 
continuously  from  the  anterior  end  to  the  base  of  the  Sfrobila,  so 
that  after  the  disappearance  of  the  tentacles  (Fig.  132  g),  first  the 
terminal  segment,  then  the  second,  and  so  forth,  attain  independent 
existence  (Fig.  132  A),  Each  segment  becomes  an  Ej>hyra  (Fig.  131), 
developing  eight  pairs  of  elongated  marginal  lobes,  vith  a  mai^uud 


;  Gw  gutnl  liclgM ; 


body  in  the  notch  which  separates  the  two  lobes  of  the  same  pair. 
It  is  these  maigjnal  lobes  which  give  to  the  edge  of  the  umbrella  of 
the  Ephyra  its  characteristic  appearance.  The  young  Epkyra  gradually 
scqniies  the  special  peculiarities  of  form  and  organization  of  the 
Besually  mature  animal. 
The  number  of  nomatocysta  accumulated  on  the  upper  surface  of 
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the  disc  and  on  the  tentaeles  of  manj  MeiJvgae  enables  them  to  cause 
a  perceptible  stinging  sensation  on  contact  Many,  e.g.  Pdagia,  are 
phosphorescent.  According  to  Panceri,  this  phenomenon  originates  in 
the  fat-Uke  contents  of  certain  epithelial  cells  on  the  surface.  The 
Acalephoe  maj  attain  a  large  size,  the  1:>eU  in  some  BhizoatomM 
and  Cyaneiiiae  reaching  a  diameter  of  from  two  to  six  feet. 

In  spite  of  the  delicacy  of  their  tissues,  certain  large  Medutae  have 
,  left   impressions    in    the   litho- 

graphic   slate    of    Sohlenhofen 
{Mednaites  eircularis,  etc.). 

Order  1. 

SCYPHOMEDCaAE. 

Tbtrambkalia.  TsassROSAE. 
Aralephae  iciih  or  xcithoul 
/our  rhopalia  {getue-ienfadet) ; 
tflomack  trith  fottr  gatstral 
liouchea  teparafed  hy  fhort  or 
long  septal-uniong.  Gonad»  in 
gub-ttmbrella  trail  of  fhe  gas- 
tral  pouehet.  UmhreJia  highly 
eauifed. 

The  Scyphomedtuae  are  best 
considered  in  their  relation  to 
the  Seypkistoma.  They  may 
]«  looked  upon  as  Scyphistomas 
deprived  of  their  tentacles, 
which  indeed  are  only  tninsi- 
tory  structures,  and  elongated 
so  as  to  assume  the  form  of  n 
cup,  find  clianged  in  several  par- 
ticulars which  are  characteristic 
of  the  medusa  stage.  The  four  septa  (Fig.  98)  arise  by  the  fusion 
of  the  four  gastric  folds  with  the  wide  oral  disc,  which  becomes 
drawn  in  and  concuve  like  a  sub-umbrella.  These  four  septa  separate 
the  some  number  of  gustrorascular  pouches ;  while  the  maijjin  of 
the  cup  may  be  drawn  out  into  eight  nrm-like  processes  from  which 
groups  of  short,  knobbed  tentaeles  arise  (Fig.  134), 

The  genital  organs  extend  on  the  oral  wall  of  the  umbrella  into 
the  arms  as  eight  bund-shaped,  plicat«d  ridges  (Fi&  134,  /.).  They 
run  along  in  pairs  at  the  lower  part  of  each  septum  in  the  gastric 
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cavity  (Fig,  98),  The  ovum,  according  to  Fol,  undei^oea  a  complete 
s^metitatioD,  which  results  in  a  Bmgle-l9.yered  blastosphere.  This 
becomes  an  oval,  two-layeied  larva,  which  becomes  ciliated,  swims 
freely  about,  and  finally  attaches  itaeU.  The  further  development 
probably  takes  place  directly  without  alternation  of  generations. 

The  Sq/phomedutM  are  without  exception  marina  animals,  and  are  remarkable 
for  their  great  reproductive  power.  Accordiog  to  A.  Meyer,  if  the  gtallt  of 
Luecrnaria  be  cnt  off,  the  cup  reproduces  a  new  ooe,  and  injured  indiriduals, 
and  even  excised  pieces,  can  become  perfect  allilimlB. 


Fid.  Itt,— Tmera  pHn«}«  (iftcr  Huck«l).  a,  giternil  vlev  migDilled  iboat  SO  ttmu; 
t,  loDgltaiilul  icetlDn  through  two  pemdlt ;  c,  via*  of  gab-ambrelU,  Gf  gutnl  Olcmeuli ; 
O  pjoadi ;  Jilt  clTGuUr  miucte ',  Sk  lepUl  unloui. 

Sub-order  1.  BTAITBOnSITSAS. 
Without  rhopslia,  but  in  their  place  8  simple  principal  tentacles  (Fig,  183) 
or  marginal  anchors  (Fig.  134).  Stomach  with  4  wide  pemdial  pouches  con, 
nected  peripherally  by  ■  ring-canal.  Gonads  aa  i  interradial  horsc'shoe  shaped 
tbickenlngi  (Fig.  133),  or  1  pairs  of  adradial  ridges  in  the  ventral  walls  of  the 
gastric  pouches  (Fig.  134). 
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Fun.  1.  Tetteridtw.  Unibrella  edge  without  lobes ;  8  principal  t«nt>c1ea 
(4  p«rtadial  and  4  intemdial) ;  marginal  anchon  absent.  Apex  of  the  ti- 
umbrella  surface  prolonged  into  a  hollow  procnt  or  Btalk  for  attachment. 
Temera  H.  (Fig.  133)  and  Taieranlha  H.,  with  hollow,  ei-tmibrella  proc«w  not 
used  for  attachment ;  Dvpattrtlla  H.,  Depaitrum  H.,  with  e: 
attachment. 


«^r 


■nchor  troat  (faa  uial  Bld<^. 

Uutaclea  ou  the  eight  he 

»nclion ;  I '  iDchDr  tent*tl( 

of  mBrglniil  nicLor;  d  moi 

the  lUlk ;  gm  one  of  )be  e  _ 

gutric  poucho,  repreKiiting  tour  iDtemulliil 

tbe  Kptnl  rlilg?. 


lark],    I.  From  ths  side.    II.  ] 

ivUa  ftuJ  protmdad  mouth. 
: ;  >»  >ab.umbr«1Ui ;  1  one  of  r 
jigular  rnargEiuL  lobes  ^  m  r 

kteiTAillA]  septal  ridge  pasBliit 

xliil  gonids  on  the  Bub-mubnlU  •nil  of  the  fOni  muu 
irH-thoe  goiuidi  connectsd  it  the  onl  end  ef 


[U  or  kDobbsd 
'i|ht  mug)  nil 


Fam.  2.  Ineemaridaa.  With  6  adradial  umbrella  lobea,  and  tufts  of  short 
knobbed  tentacles  at  end  of  «ach  1ob«.  With  8  principal  tentacles  (4  per- 
and  4  interradial)  as  marginal  anchors  (Fig.  134),  or  absent.  An  ex.umbrella 
•talk  for  attachment  Ealictyatua  Clark,  Salkyatkut  Clark,  with  margins! 
anchors ;  Luumaria  0,  F.  Midler,  CraUrolophut  Olai^  mthout  marginal 
anchors. 


.PBROMEDUSAB. 


SubHirder  2.    rEBOXEDITBAE. 


With  4  interradial  rhopalu  (with  otoliths  &ni)  eyen) ;  tvith  4  perrodial  tentacles, 
or  nitb  12  taotAcIca  (4  per-  and  8  adradisl,  Fig.  135);  irith  8  or  IS  marginal 
lobes.  The  4  radial  gaatial  pouches  are  separated  from  one  another  l>f  very 
short  septal-imioDs  or  septa,  so  that  the 
stomach  may  be  said  to  be  Burrounded  by 
a  wide  circular  sinus,  eommunicating  witli 
it  by  4  oatia  (Fig.  BB).  The  circular  si 
gives  off  towards  the  periphery  of  the 
umbrella  8  or  16  flat  pockets,  each  of 
which  gives  off  two  lobe -pockets,  and 
between  these  one  pocket  to  a  tentacle 
I -body,  4  horse -shoe  shaped 
gonads  in  the  Tentnl  wall  of  the  circular 


Fam.  S.  Peileelpidae.  With  4  perradial  tentacles,  4  interradial  rhopalia, 
and  S  adradial  marginal  lobes.     Ptricotpa  H. ;  Pcrierypta  H. 

Fam.  4.  FraipliyUldM.  12  tentacles,  4  rhopalia,  16  marginal  lobes. 
Ptnpalma  H.;  Feriphylla  H.  (Fig.  13S). 
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CUB0HKD1TSAJE  (Jlampialida). 

WiEh  qnadiaiigalar  ambrella  (Fig.  ISfi), 
4  peiT&duI  rhojalu  (with  otolitha  and 
eyes)  4  mtcmdul  mftrgmal  tentacle^ 
4  pemdud  gutnc  pouches,  npuvtcd  by 
long  and  narrow  intemdial  septa.  Gonadi 
as  4  pairs  of  broad  pUt«B  batencd  b;  one 
edge  to  the  radial  septa  (Fig  137],  and 
projecting  into  the  pouchea.  With  a 
smooth  edged  rtlanuwi  containing  pra- 
longations  of  the  gastroTaaciilar  system. 
^\  ith  a  neire  ring  on  the  snb-Dmbrelta 
side  of  the  edge  of  tfae  bell,  having  a  dg- 

Fam  fi  Charybdaids*  fVadhar^nu 
H  Prodiarybdu  H  Ciaryidea  Vir.  and 
Lea      Tamoya  F    Mailer 

Fani.  S.  Chirodropida*.  Chirvptalnua 
L.  Ag.;   Ckimdropia  H. 


Order  2.     Ephtbokisax.     Octoxeraua.     Discomedusab. 

Acaiephae  vnth  8  or  more  rhopalia  (»en«  tentaeles)  {4  per-  and 
4  interraiiial,  and  often  several  accessory).  Stomach  mlh  8,  16,  32, 
or  more  radial  pockets  or  canals.  Gonads  gub-gastral  (m  vetiirtd  icall 
of  central  stomach).  Umbrella  fat,  generally  tUscoidal.  Larval  fonn 
Ephyra. 

The  Eph^oninae  can  at  once  be  distinguished  from  the  Scypho- 
medusae  by  the  discoidal  lobed  umbrella,  and  usuaUy  by  the  large 
size  of  the  oral  tentacles.  The  lobes  of  the  umbrella,  however  much 
they  may  differ  in  detail,  can  always  be  reduced  to  the  eight  pairs  of 
lobes  of  the  Ephyra  (Fig.  131),  which,  aa  the  promorph  of  the 
Ephyronijiae,  presents  most  clearly  the  8-myed  symmetry  cha^acte^ 
ifltic  of  the  group. 

The  gonads  have  the  form  of  horee-shoe  shaped  frills  (Fig.  130), 
and  project  into  the  widely  open  sul^nital  pits.  The  germinal 
epithelium,  which  is  always  embedded  in  the  gelatinous  substance 
of  the  umbrella,  is  covered  with  an  endodenual  layer.  Development 
takes  place  by  alternation  of  generations.  In  rare  cases  {Pdagia) 
the  development  is  simplified,  and  the  larva  passes  directly  into  the 
Ephyra,  missing  out  the  attached  Scyphietoma  and  SfroUla  stage. 

The  gastro vascular  system  may  be  pouch-hke  or  canalicular.  In 
Aurelia  (Fig.  130),  in  which  it  is  canalicular,  the  eight  primary  radial 
canals  (i.e.,  the  four  perradial  and  four  interradial)  are  branched,  while 
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the  eight  secondary  radial  canals  (adradial)  are  unbranched.  The 
parts  of  the  stomach  from  which  the  eight  adradial  and  tlie  four 
interradial  canals  arise  are  pouched  outwards. 

Sub-order  1.    CAHH08T0MAE. 

With  simple  quadrangular  manubrium  without  oral  arms ;  with  short  solid 
marginal  tentacles. 

Fam.  7.  Spliyridae.  Usually  16  mde  gastric  pouches,  rarely  32-64,  without 
terminal  branches ;  usually  8  rhopalia,  rarely  16-32 ;  usually  16,  rarely  32-64 
marginal  lobes.  This  family  may  be  described  as  consisting  of  sexually  mature 
Ephyrae.  Ephyra  Per.  and  Les.;  Palephyra  H. ;  Zonephyra  H.;  Nausiccia  H.; 
Nausithog  Kollikcr  ;  NaupharUa  H. ;  Atolla  H. ;  Collaspis  H. 

Fam.  8.    Linergidae.    With  wide  radial  gastric  pouches,  and  branched,  blind 

lobe-canals  ;  without  circular  canal.    Linantha  H. ;  Linerges  H. ;  Liniacus  H. ; 

Linuche  Esch. 

Sub.order  2.     SEM08T0MAE. 

With  4  large  perradial  oral  arms,  and  ^ith  long  hollow  tentacles. 

Fam.  9.  Pelagidae.  Semostomae  with  16  simple  wide  gastric  pouches, 
without  branched  distal  canals,  without  circular  canal.  Pelagia  Pdr.  and  Les., 
with  8  adradial  tentacles,  8  rhopalia,  and  16  marginal  lobes;  Chrysaora  Per. 
and  Les. ,  with  24  tentacles  (and  8  rhopalia),  and  32  marginal  lobes ;  Dacty- 
lometra  L.  Ag. 

Fam.  10.  Cyaneidae.  Semostomae  with  16  or  32  wide  gastral  pouches,  and 
branched,  blind  lobe-canals,  without  circular  canal.  16-32  or  more  marginal 
lobes ;  8  or  16  rhopalia  (4  per-,  4  inter-,  and  8  adradial) ;  8  or  more  long  hollow 
tentacles.  Procyanea  H.;  Medora  Couthouy;  Stenoptycha  L.  Ag.;  Desmonema 
L.  Ag. ;  Oyanea  P^r.  and  Les. ;  Patera  Lesson  ;  Melusina  H. 

Fam.  11.  Floseolidae.  Semostomae  with  16  or  more  simple  unbranched 
narrow  radial  canals  and  with  a  circular  canal.  8  rhopalia ;  8-24  or  more 
long  hollow  tentacles.     Flotcula  H. ;  Floresca  H. 

Fam.  12.     TFlnuuidae.    Semostomae  with  16  or  more  narrow  radial  canals, 

which  branch  and  often  anastomose,  and  are  connected  by  a  circular  canal. 

8  or  16  rhopalia;  8-24  or  more  hollow  tentacles.     Ulmaris  H.;  Umbrosa  H. ; 

Undosa  H. ;  Sthenonia  Esch. ;   Phacellophora  Brandt ;  Aurelia  P^r.  and  Les. ; 

AuroBa  H. 

Sub-order  3.     EHIZOSTOXAS.* 

With  8  large  adradial,  root-like,  simple  or  branched,  oral  arms,  with  numerous 
suctorial  mouths,  without  central  mouth  opening,  and  without  marginal 
tentacles. 

Fam.  IS.  Toreomidae.  Bhizosiomae  with  4  separated  subgenital  pits,  and 
with  ventral  suctorial  frills  on  the  8  oral  arms  (no  dorsal  frills).  8,  12,  or  16 
rhopalia ;  8-16  or  more  narrow  radial  canals,  branched  and  anastomosing. 
Arehirhua  H.;  Toreuma  H.;  Polyclonia  L.  Ag.;  Caasiopea  Vii,  and  Les.; 
Cephea  Pdr.  and  Les. ;  Polyrhiza  L.  Ag. 

Fam.  14.  Pilemldae.  Rhizostoma^  with  4  separated  subgenital  pits,  and 
with  dorsal  as  well  as  ventral  sucking  frills  on  the  8  oral  arms.  8  rhopalia ; 
8-16  or  more  branched  and  anastomosing  radial  canals,  with  circular  canal. 

*  The  forms  commonly  called  by  the  generic  name  Bhizostoma  belong  to  the 
genus  Pilema,    The  term  Rhizostomae  is  kept  for  the  sub-order. 
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Toxoctytut  L.  Ag.;  LyAn^hUa  H. ;  Fkyliorhiia  L.  Ag.;  Suytlema  H.;  Pittna 
H. ;  JlAiipiIema  H. ;  fmeftialtipAiu  H. ;  Slomeiophiu  L.  Ag. 

Fam.  1!>.  TsranridM.  Shiaalomtu  with  a  ain);1e  central  snbgenital  porticiu 
{i.i.,  mbgenital  pita  united),  witli  ventnl  auctoHal  oral  fri]l«  doIj.  8  rhopalu; 
8-Ifl  or  more  narrow,  branched,  anastomoaing,  radial  canala.  Saplorhisa  H.; 
Canmrrhiza  H.;  Vertura  H.;  OriDaattoma  L.  Ag.;  Cctylorhvui  L.  Ag.i  £(y(o- 
rAuaH. 

Fam.  IS.  Crambniriiiaa.  Shixe^omae  with  a  single  central  snbgenital 
potticus,  oral  anns  with  dorsal  and  ventnl  rrilU.  8  rhop«lia ;  8-lfl  or  more 
aDaatOQioaing  radial  canals  ;  uauallj  a  circular  canal.  (VamAemi  H. ;  ^adiyitti 
L.  Ag.;  HKcrambtua  H.;  Tkytanoitoma  L.  Ag.  j  Himaittaitoma  L.  Ag. ;  Zqito- 
braekia  Brandt ;  Leonura  H. 


OlUB  m.     AOTIHOZOA*  (ANTHOZOA). 

Polype  colonial  or  solitary,  irith  oesophageal  tufie,  mesenteric  faidt, 
and  endodennal  iptuidg.  A  medu- 
soi'f  itexttal  generation  is  un^enown. 

The  polyp  of  the  Aeiifuxcoa  has 
nlreiuly  been  described  (p.  102).  It 
differs  from  that  of  the  Hydro- 
meilusae  in  being  larger,  in  having 
a  greater  muscular  development,  a 
better  developed  structurelesB  la- 
mella or  jelly  which  often  contains 
muscular  and  skeletal  elements.  The 
development  of  this  jelly,  which  has 
a  tough,  dense  character,  is,  in  the 
colonial  forms,  greater  in  the  lower 
parts  of  tlie  polyps  tlmn  in  the 
upper,  the  result  of  which  is  the 
fonuation  of  the  limnched  or  massive 
Goeneiich3rni«  (Pig.  138),  from  the 
surface  of  which  the  free  ends  of  the  polyps  project.  A  calcareous 
skeleton  is  very  generally  present,  hut  its  form  and  method  of 
formation  vary  in  the  different  groups. 

The  mesenteries  and  tentacles  vary  much  in  number.  In  the 
Aleyonaria  there  are  always  eight;  in  the  Zoanfharia,  in  which  there 
are  primary  and  secondary  mesenteries,  the  number  is  sometimes  six 

*  Ehrenberg,  "Beitriige  zur  physiologischeu  Kenntuias  dn'  Korallenthiers  ini 
Allgemeiiieii  u.  liesoudera  dea  rothen  Meci-es,  etc,"  Abhmid.  d.  Beriinrr  Akod., 
1832.  Cb.  Darwin,  Tkr  SlTuUnre  and  DUtribvtioa  of  Coral  Ba/i,  London, 
1842.  J.  D.  Dana,  United  Slates  Sxpl.  ErptdUion,  Zoopht/Ut,  Philadelphi*, 
1810.  H.  Edwards  and  J.  Haimc,  Hittoire  A'aturelU  dtt  Voraillaira,  S  vols., 
Paris,  1B57-S0.     Lacaza  Dutbiers,  Hiibrirt  Naturelle  du  Vorail,  Paria,  18M. 
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or  soma  multiple  of  six ;  but  it  may  be  different :  indeed,  the  greateat 
variety  Ib  found  in  this  cliaracter  in  the  order  ZoanfJtaria. 

The  gonads  are  produced  on  the  mesenteries  (Fig.  91),  and  the 
embryos  sometimes  undergo  the  early  stages  of  development  witliiu 
the  parent. 

Asexual  reproduction  by  Itudding  and  fi^iim  is  of  gi«at  importance. 
Buda  can  be  formed  in  various  positions,  even  at  the  oral  end,  in 
which  case  a  strobila-ltke  form  appears.  In  Blaefotroehus  the  buds 
appear  at  right  angles  to  tlie  axis  of  the  parent  (Fig.  139). 

In  Gonactinia  proli/era  the  polyp  divides  transversely,  a  new  set 
of  tentacles  arising  on  the  lower  half  (Fig.  139a).  In  some  cases 
a  portion  of  the  basal  expansion  is  separated  off  by  contraction  of  the 
body,  and  develops  into  a  new  polyp.     Tliis  is  called  laceration. 


p«i%    Lb'  lAtAT^  bnd. 

If  the  individuals  so  produced  remain  connected  witli  one  another, 
a  polyp-colony  is  formed,  wiiich  may  attain  very  various  forms  and 
great  size.  As  a  rule  the  individuals  are  eml)cdded  in  a  common 
body  mass,  the  coeaerKhyme*  and  their  gastric  cavities  communicat« 
more  or  less  directly,  so  that  the  juices  acquired  by  the  individual 
polyps  penetrate  through  tlie  whole  stock.  This  stock  affords  us 
an  excellent  example  of  an  animal  community  built  up  out  of  similar 
members.  The  formation  of  the  generative  products  alone  is  some- 
limes  confined  to  special  polyps,  which,  however,  discharge  all 
other  functions  of  polyp  life. 

The  skeletal  formations  of  the  polyps  are  specially  noteworthy. 
In'almost  every  case,  with  the  exception  of  Actinia,  there  is  a  deposit 
of  solid  calcareous  matter,  and  according  to  the  density  of  this  deposit, 
there  is  produced  a  leathery,  chalky,  or  even  stony  framework. 

*  This  word  is  used  in  a  difTereDt  ssnae  in  the  MadrepoTwiii,  which  seo. 
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If  the  skeleton  has  the  form  of  iaolated  needles  or  toothed  rods 
(Fig.  140)  of  calcareous  substance  deposited  in  the  jelly  of  the 
eoenenchyma  (or  polyp),  the 
polyp-stock  has  a  fleshy,  leathery 
nature  (Alei/onaria) ;  but  if,  on 
the  contrary,  the  calcareous 
structures  are  fused  or  cemented 
together,  a  aolid,  more  or  less 
firm  calcareous  skeleton  ia  de- 
veloped (CoraJlimit,  Tubipora). 
Finally,  the  ekoleton  may  be  of 
a  stony  character  and  secreted 
by  the  ectoderm  of  the  lower 
part  of  the  polyp  {Madre- 
poraria). 

Tiie  important  diversities  of 
form  in  the  polyp-stocks  are 
not  only  occasioned  by  the 
difTcrencea  of  structure  of  the 
skeleton  of  the  polyp,  but  are 
also  the  resultant  of  varying 
methods  of  growth  by  gem- 
mation and  imperfect  fission. 
According  to  the  method,  nu- 
merous modifications  of  branched  stocks  are 
distinguished,  e.g.,  Ma(trej>oi-et  (Fig.  141),  Oeu- 
linidae  (Fig.  142),  and  the  lamellar  and  massive 

stocks     as    Aniraea     (Fig. 

143)    and    the    Maeandri- 

nulae  (Fig.   144). 

The    Anfkozoa    are    all 

inhabitants  of  the  sea,  and 

live  mostly  in  the  wanner 

zones,  biit  certain  types  of 

the   fleshy   Octactinia  and 

Actinia  are  distributed  in 

all  latitudes.     Some  genera 

of    the    Madreporaria    are 

found    in    the    deep    sea,      '  SiiKM™^(I!ft»r 

where  they  may  form  accu-        W.  H.x 
mnlations  of   considerable  extent,  but  the  polyps  which  take  the 
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principal  Bfaaie  in  the  formation  of  coral  reefs  live  near  the  surface, 
being  rarely  found  alive  at  a  greater  depth  than  40  fathoms.  They 
are  confined  t«  a  zone  extending  about  28  degrees  on  either  side 
of  the  equator,  and  only  here  and  there  extend  beyond  these 
bounds.     Their  calcareous  skeletons,  together  with  those  of  mille- 


porea,  the  shells  of  molluscs,  echinodetms,  annelids,  foraminifera, 
cemented  together  into  a  compact  rock  by  encrusting  organisms  and 
by  deposited  lime,  build  up  in  the  course  of  time  masses  of  colossal 
ertent. 

Coriil  reeft  are  gener»lly  met  with  in  one  of  tliree  forms,  frmgiiig  Ttefs,  barritr 
rafa,  and  aiolU. 

A  fringing  or  iLore  reef  U  a  platform  of  roclc  akirting  the  sbore  and  ending, 
■eawards,  io  an  abrupt  edge  horn  which  thsre  ie  a  steep  slope  dawn  to  the  sea 
bottom-  To  a  depth  of  SO  or  30  fathoms  the  slope  is  covered  with  growing 
coibI,  the  upper  part  being  bathed  in  the  surf  of  the  breaking  rollers.  The 
upper  surface  of  the  outer  edge  of  the  reef,  which  i»  geoerally  uncovered  at  low 
water,  ia  higher  than  the  part  nearer  the  shore,  and,  in  exposed  reefs,  is  largely 
formed  by  eucmsting  calcareous  algae  (Jfttllipores),  which  thrive  in  the  freshly 
aerated  water. 

In  neb  in  protected  situations  some  corals,  especially  the  MadTtpora,  grow 
on  the  edge  of  the  reef  whore  they  are  laid  bareat  low  tide.  The  reef  is  frequently 
brolun  here  and  there  by  channels  which  have  a  depth  of  a  few  fathoms  and 
ran  in  towards  the  land  in  branching  and  tortuous  coiu'ses,  often  eipanding 
into  irregular  pools  floored  by  coral  sand.  These  protected  pools  and  channels, 
whose  vertical  rides  are  formed  by  a  luiuriaiit  growth  of  hard  corals,  milleporea, 
and  the  leathery  colonies  of  Alcyonaria,  are  tenanted  by  au  abundant  reef  huna 
olteti  displaying  the  most  brilliant  and  varied  coloura  Between  the  channels 
the  sur&ce  of  the  reef  is  formed  of  beds  of  corals  which  have  nearly  reached 
the  mrlaee,  or  of  tracts  of  dead  coral-rock,  or  sand  often  cousisting  largely  of 
Fotamiuifera- 

Nearer  the  land  tiie  growth  of  coral  becomes  less  abundant  and  tbs  water 
deepens,  forming  a  shallow  channel  which  at  high  water  may  be  practicable  for 
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vessels  of  small  draft,*  The  width  of  the  reef  U  largely  dependent  on  the  slope 
of  the  Bu  bottom,  liecoming  nsironed  Id  proportion  as  this  is  steep;  aod  also, 
u  Semper  has  shown,  on  the  set  of  the  cmrents,  which,  when  they  are  Btroag, 
hinder  the  eiteaston  of  the  reef  past  which  thej  flow. 

The  edge  of  a  fringing  reef  is  often  seen  to  he  strewn  with  Urge  masses  of 
dead  coral,  which  have  been  U>ra  from  the  outer  slopes  by  the  breakers  and 


thrown  upon  the  reef.  Many  such  mssses  must,  on  the  other  iwad,  fall  down 
the  slope,  and  here,  \>y  their  gradual  aceumulatioii,  together  with  the  shells  of 
Pteropods,  Foramiiiifera,  and  other  pelagic  organisms  borne  by  ocean  currents, 
fonn  a  basis  on  wliicb  the  living  margin  of  the  reef  may  eiteod  outward. 

The  structure  and  growth  of  a  fringing  reef  do  Dot  appear  to  offer  problems 
which  are  very  difficult  to  solve,  hut  the  caee  ia  different  when  we  come  to  the 
other  two  classes  of  reef,  the  barrier  reef  and  atoll. 


Pio.  144  ft.— A  inMll  atoll  (from  DuwlnX  being  ■  sketch  of  WhltinndsT  Is 
taken  from  OsptalD  BtBtbefi  Voyiga.  The  thuit  drels  has  been  coOTerted  Into  luiil,  which 
la  a  compaiativalT  ran  occunenea. 

A  burin  reef  resembles  a  fringing  reef  except  in  one  important  particular, 
namely,  that  it  is  Be[>arated  from  the  shore  by  a  channel,  which  ia  often  of  grwt 
width  and  which  may  attain  a  depth  of  EO-60  fathoms. 

The  great  barrier  reef  of  Australia  which  rune  along  the  east  coast  of  Queensland 
ia  OTer  1100  miles  in  length,  and  encloses  a  channel  which  is  in  many  places 
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more  than  30  miles  wide,  and  10-25  fathoms  deep.  A  similar  reef,  though  of 
leas  extent,  borders  the  western  shore  of  Now  Caledonia.  In  many  cases,  as 
in  the  Society  Islands  and  elsewhere,  a  similar  barrier  or,  as  it  is  here  called,  an 
encircling  reef  surrounds  an  island  or  group  of  islands,  having  at  intervals  breaks 
in  it,  which  lead  into  the  deep  lagoon  channels  and  are  often  situated  opposite 
the  valleys  on  the  land.  Low  islands  {corcU  islands)  formed  of  coral  rock  and 
sand  thrown  up  by  the  sea,  and  supporting  a  littoral  vegetation,  are  often 
situated  on  the  reet 


Fio.  Ii4d.— Diagram  illuitratiiig  Darwin's  view  of  the  formation  of  a  barrier  reef  from  a 
fringing  reef  (from  DarwinX  AA  onter  edge  of  the  fringing  reef  at  the  level  of  the  sea ; 
BB  shores  of  the  island ;  A' A'  outer  edge  of  reef  (now  a  barrier  reef)  after  its  upward  growth 
during  a  period  of  subsidence ;  CO  the  Uigoon  channel  between  the  reef  and  the  island ; 
B'B'  the  shore  of  the  island. 

The  lagoon  iilands  or  atolls  consist  of  a  similar  ring-shaped  reef,  enclosing 
an  open  lagoon  in  which  there  is  no  island  (Fig.  1446).  There  may  be  gaps 
leading  into  the  lagoon,  or  the  ring  may  be  so  complete,  that,  as  in  the  case  of 
Fakaofu  in  the  Union  Islands,  it  is  left  at  low  tide  brim  full  of  water  standing 
some  feet  above  sea  level.  The  floor  of  the  lagoon  is  generally  nearly  flat, 
shelving  slightly  towards  the  reef,  and  is  often  from  20  to  35  fathoms  below 
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Fio.  144e.— Diagram  illustrating  Darwin's  view  of  the  formation  of  an  atoll  frt>m  a  barrier  reef 
by  sabsidenee.  A' A'  onter  edges  of  the  barrier  reef  at  the  level  of  the  sea.  The  cocoannt 
trees  represent  coral  islets  formed  on  the  reef.  CO  the  lagoon  channel ;  B'B'  the  shores  of 
the  island  generally  formed  of  low  alln vial  land  and  of  coral  detritus  from  the  lagoon  channel ; 
A"A''  the  lagoon  of  the  newly  formed  atoll.  According  to  the  scale  the  depth  of  the  lagoon 
and  of  the  lagoon  channel  is  exaggerated. 

the  surface — whereas  the  sea  outside  the  reef  rapidly  deepens,  so  that  it  is  not 
uncommon  to  find  a  depth  of  more  than  1000  fathoms  within  a  mile  of  the 
reef.  The  slope  of  the  Seaward  side  of  the  reef  below  the  region  of  growing 
coral  in  many  cases  exceeds  an  angle  of  45^  Low  islands  {coral  islands)  with 
glittering  white  sand  and  characteristic  vegetation  are  often  situated  on  the 
reef,  scattered  or  united  into  a  continuous  belt  of  land. 

The  mode  of  the  formation  of  the  atoll  has  been  much  discussed.     Whatever 
the  foundation  of  an  atoll  may  be,  it  is  requisite  (1)  that  it  should  at  one  time, 
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at  any  rate,  have  reached  so  near  the  surface  that  coral  polyps  could  form  a 
settlement  on  it,  and  (2),  as  v^hole  groups  of  islands  have  the  atoll  form,  that 
it  should  in  the  great  majority  of  cases  not  rise  above  that  level. 

Formerly  the  view  was  held  that  atolls  were  formed  on  submarine  moun- 
tains (volcanic)  which  reached  to  within  the  limit  of  growing  coral  distance 
(40  fathoms),  but  this  was  objected  to  on  the  ground  that  it  was  exceedingly 
unlikely  that  there  should  have  been  so  many  mountains  reaching  to  just  within 
the  right  distance  from  the  surface.  But  it  has  recently  been  pointed  out*  that 
a  large  number  of  banks  exist  in  the  ocean,  springing  from  deep  water  and 
rising  to  a  wide  level  top  at  a  depth  of  about  30  fathoms  from  the  surface. 
On  many  of  these  banks  a  rim  of  growing  coral  has  been  found  raised  a  few 
fathoms  above  the  general  level.  Such  banks  have  probably  been  produced  by 
a  submarine  volcanic  eruption  which  has  formed  a  mound,  sometimes  reaching 
to  the  surface,  sometimes  reaching  above  it,  but  composed  of  loose  scoriae  in  a 
more  or  less  finely  divided  state.  Within  the  last  few  years  the  formation  of 
such  mounds  has  been  observed  in  different  parts  of  the  sea,  and  they  have  since 
been,  or  are  now  in  process  of  being  reduced,  by  the  action  of  the  waves  on  the 
loose  material,  to  the  condition  of  submarine  banks  such  as  are  known  to  exist, 
and  such  as  are  required  for  the  foundation  of  atolls. 

Darwin,  to  whom  the  existence  of  these  banks  was  unknown,  promulgated 
his  well-known  theory  of  coral  reefs,  which  was  as  follows :  fringing  reefs  are 
formed  within  the  coral-reef  zone  on  the  shores  of  places  where  the  conditions 
are  favourable  for  coral  growth.  Barrier  reefs  and  atolls  are  derived  from  fring- 
ing reefs  by  the  subsidence  of  the  land  on  which  the  reef  is  placed. 

If  we  suppose  an  island  bordered  by  a  fringing  reef  to  l>egin  to  subside  (Fig. 
lii(l)y  the  corals,  which  as  we  have  seen,  are  in  the  most  vigorous  condition  on 
the  edge  of  the  reef,  no  longer  limited  in  their  growth  by  the  level  of  low  water, 
will  grow  upward ;  the  width  of  the  lagoon  will  be  increased  by  the  extent  to 
which  the  sea  now  encroaches  on  the  shore,  and  its  depth  by  the  amount  of  the 
subsidence.  Continue  the  subsidence  and  the  reef  will  rise  like  a  wall  round  the 
land  from  which  it  is  separated  by  the  dee{)ening  lagoon,  and  the  land  itself, 
lessened  in  area,  will  be  reduced  to  the  higher  parts  of  the  original  mass,  forming 
an  island  or  a  group  of  islands  in  the  centre  of  the  wide  lagoon  (Fig.  Hid). 
The  breaks  in  the  fringing  reef  at  the  mouths  of  rivers  still  remain  in  the 
barrier  con'esponding  to  the  valleys,  these  parts  of  the  shore  line  having  been 
originally  free  from  coral  growth.  Although  the  lagoon  deepens  as  the  island 
subsides,  its  depth  will  not  be  increased  by  the  whole  amount  of  that  subsidence, 
l»eing  partially  filled  up  by  detrital  matter  carried  down  by  streams  on  the  one 
hand,  and  on  the  other  by  the  material  broken  off  by  the  wear  and  tear  of  the 
breakers  on  the  outside  of  the  reef. 

Continue  the  subsidence  further  till  the  highest  mountain  peak  disappears 
below  the  waters  of  the  lagoon  and  an  atoll  remains,  '*like  a  monument,  marking 
the  place  of  the  burial,"  of  the  island  (Fig.  144c). 

In  confirmation  of  his  view  as  to  the  conditions  under  which  fringing  reefs 
are  formed,  Darwin  pointed  out  that  their  distribution  is  in  many  cases 
coincident  with  lines  of  recent  volcanic  activity,  with  which  elevation  of  the 
earth's  crust  is  often  associated  ;  as  well  as  with  raised  shore  lines  giving  direct 
evidence  of  elevation.  Although  not  ignoring  the  possibility  of  atoll-shaped 
islands  being  formed  without  the  aid  of  subsidence,  Darwin  regarded  this  as 

*  See  "Foundations  of  Coral  Atolls,"  by  Admiral  W.  J.  L.  Wharton,  F.R.8. 
Nature  1426,  Feb.  25,  1897,  p.  390. 
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exceptional,  and,  on  the  whole,  the  areas  in  which  barrier  reefs,  encircling  reefs, 
and  atolls  occur  were  considered  by  him  to  be  areas  of  subsidence.  To  this  view 
he  was  led  in  part  by  the  difficulty  of  finding  any  other  foundation  for  atolls 
than  an  island  which  had  subsided.  Direct  indications  of  subsidence  are,  from 
the  nature  of  the  case,  difficult  to  obtain,  but  such  evidence  as  we  have  is 
not  altogether  in  harmony  witli  Darwin's  theory.  Thus  Dana,  although  an 
adherent  of  the  view,  was  of  the  opinion  that  the  movement  now  going  on  in 
many  of  the  Paumotu  Islands  is  one  of  elevation  ;  and  similar  evidence  is  forth- 
coming from  elsewhere  (Solomon  Islands,  Tonga  Islands,  etc.).  Such  evidence 
is,  on  the  other  hand,  in  keeping  with  the  view  that  atolls  rest,  at  any  rate  in 
some  cases,  on  such  banks  as  those  described  by  Admiral  Wharton,  and  referred 
to  above  (p.  174).  It  has  been  urged  by  Murray  that  an  atoll  on  such  a  basis 
would  increase  in  size  by  the  extension  of  the  reef  to  seaward  on  its  own  talus, 
while  the  lagoon  would  be  widened  by  the  solution  of  the  dead  portions  of  the 
reef.    A  fringing  reef  would  be  converted  into  a  barrier  reef  by  the  same  process. 

The  part  which  the  Anthozoa  take  in  the  alteratiou  of  the  earth^s 
surface  is  considerable.  In  the  present  time  they  protect  the  coast 
from  the  consequences  of  the  breaking  of  the  waves,  and  assist  in  the 
formation  of  islands  and  rocks  by  producing  immense  masses  of 
calcareous  matter.  In  earlier  geological  epochs  they  have  played 
a  still  more  important  part,  judging  from  the  great  thickness  of  the 
coral  formations  of  the  Palaeozoic  period  and  of  the  Jurassic  formation. 

Order  1.     Rugosa  =  Tetracoralla. 

Palaeozaic    Corah  mth  numercms  symmetrically    arranged  septa 
grouped  in  muliiples  of  four. 
To  these  belong  the  families  of  the  Cyathophyllida^y  Stauridae,  etc. 

Order  2.     Alcyonaria.* 

Polyps  and  polyp  colonies  mth  eight  pinnate  tentacles  and  eight 
mesenteric  folds. 

The  Alcyonaria  are  all  marine  and,  with  the  exception  of  the 
Haimeidaef  colonial.  The  buds  are  formed  as  a  rule,  not  from  the 
bodies  of  the  polyps  themselves,  but  from  stolons  which  originate  as 
tubular  processes  of  the  body-wall  of  the  polyps  at  the  base  of  the 
colony  (Fig.  145,  A),  or  from  the  small  canals  which  ramify  in  the 
common  jelly  or  coenenchyma  and  connect  together  the  polyps 
(Fig.  145,  D).  In  the  simplest  colonies  the  polyps  arise  directly 
from  the  basal  stolon  {Comularia) ;  an  advance  upon  this  occurs 
when  the  basal  part  of  the  polyp  acquires  a  greatly  developed  jelly, 

•  Wright  and  Studer,  "  Report  on  the  Alcyonaria,"  Challenger  Reports^  1889. 
S.  J.  Hickson,  "A  Revision  of  the  genera  of  the  Alcyonaria  Stolonifera,"  Trans. 
Zool.  Soc.j  vol.  13,  1894.  A.  Eolliker,  AiuU.-syst.  JBeschreibung  d,  Alcycmarien, 
1872. 
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and  spreads  out  bo  as  to  fomi  a  plate-like  expansion  of  coenenchyma 
containing  endodenniil  canals  from  which  the  new  polyps  bud 
(Ciat-ularia  roma).  By  the  increase  of  this  basal  coenenchyme  we 
get  the  massive  colonies  of  Aleyonium,  with  long  l>olyp  tubes  and 
canal  system  (Fig.  145,  D).  Another  variation  in  the  colonial 
form  may  be  deduced  by  supjrasing  the  plate-like  expansion  Xa  be 
invagtnated  so  as  to  bring  its  lower  surface  to  the  inside,  and  the 
polyps  to  the  outside.  Such  a  process  would  lead  to  the  production 
of  colonies  with  an  ectodermal  axial  rod  (Gon/onia,  Fig.  145,  B, 
?  Penna/ttla).  Calcareous  spicules  are  very  generally  present.  They 
may  occur  either  in  the  coenenchymo,  or  in  the  walls  and  tentacles 
of  the  polyjM,  and  they  niay  either  bo  loose  or  coalesced  to  form  a 


continuous  cornllum.  When  this  coalescence  occurs  in  the  polyp- 
walls  we  get  the  thecal  tubes  of  Tubijjora;  when  it  occurs  in  the 
coenenchyma,  the  axial  rod  of  the  SclereLtonia  {Cora/Hum  ruiwum). 
Sometimes  the  spicules  are  embedded  in  a  homy  nmterial,  sometimes 
in  a  calcareous  cement.  In  tlie  Pennalulaeea  and  the  Holaxonta 
{Gorf/o?iia)  there  is  an  axial  rod  secreted  by  an  epithelial  layer 
contained  in  the  stem  or  axis  of  the  colony.  This  epithelial 
layer  is  of  ectodermal  origin  in  the  Holaxonia  (Fig.  145,  B),  but 
its  origin  in  the  Penna/iUwea  is  doubtful  (lendudennal).  In  all 
other  cases  the  spicules  arise  in  the  jelly  of  tlie  coenenchyma. 
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The  polyps  (autozooids)  have  eight  pinnate  tentacles  and  eight 
mesenteries  (Fig.  146).  The  gonidial  groove  (siphonoglyphe)  when 
present  is  single,  and  the  side  on  which  it  is  placed  is  called  ventaraL* 
The  longitudinal  muscles  are  placed  on  the  ventral  faces  of  the 
mesenteries  (Fig.  146).  The  dorsal  mesenteries  are  often  longer 
than  the  others,  and  are  developed  earlier  in  the  bud,  though  later 
In  the  egg.  The  polyps  vary  considerably  in  their  power  of  con- 
tractility. In  the  genera,  with  a  good  development  of  spicules  in 
the  Ixxly-wall,  there  is  hardly  any  retractility,  but  the  tentacles  are 
simply  folded  over  the  mouth  on  irritation.  In  Stereosama,  which 
bas  a  horny  layer  beneath  the  ectoderm,  the  polyps  are  non-retractile. 
The  polyps  are  often  dimorphic.  There  are  the  autozooids  with 
tentacles  and  generative  organs,  and 
the  siplwnozooids  without  these  struc- 
tures, and  with  filaments  only  on 
tlie  dorsal  mesenteries.  A  gonidial 
groove  (siphonoglyphe)  is  present 
in  the  Alcyonulae  and  in  Sarcophy- 
ton;  it  is  absent  in  the  autozooids  of 
Pennatulacea^  Heterorenia,  and  Para- 
(jorgiOj  but  present  in  the  siphono- 
zooids,  in  which  it  is  always  specially 
developed.  The  PenncUtUacea  are 
phosphorescent. 

The  enteric  cavities  of  the  polyps 
are  connected  with  the  fine  canal- 
Bystem  of  the  coenenchyma,  when 
such    exists,    and    are    continued   as 

main  canals  for  a  longer  or  shorter  distance  towards  the  base  of 
the  colony.  In  the  Stolonifera  they  all,  of  course,  open  into  the 
basal  stolon. 

Development.  The  ova  develop  inside  (as  far  as  the  planula)  and 
outside  the  parent.  They  have  yolk,  and  the  segmentation  is  on  the 
centro-lecithal  type,  and  is  often  delayed  until  the  nucleus  has  under- 
gone many  divisions.    There  is  usually  a  free-swimming  planula-larva. 

Extinct  forms,  t  The  genera  Heliolites  (palaeozoic)  and  Poly- 
tremacis  (chalk,  greensand,  eocene)  were  probably  Helioporidae^  and 


Fio.  146.— Transverae  section  throagh 
Alcyonium  (after  Hertwig).  R  goni- 
dial groove ;  i, ;?,  S,  I^  the  four  pairs 
of  septa  with  their  muiicles. 


•  This  is  a  special  use  of  the  term  ventral,  and  does  not  imply  any  homology 
with  the  ventral  surface  of  bilateral  animals. 

t  K.  A.  Zittel,  Handbuch  der  Palaeontologies  Bd.  1,  p.  208.  Munich  and 
Leipzig,  1876-80. 
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Hdiopora  itself  is  found  in  the  cretaceous  formation.  Syringopora 
(Silurian,  Devonian,  Carboniferous)  was  probably  allied  to  Tubipora. 
The  Favositidae  were  probably  Alcyonarian. 

Sub-order  1.     PSOTOALCTOITAEIA. 

Polyps  solitary ;  with  or  without  spicules, 

Fam.  1.     Haimeidae.    Haimea  M.  £dw. ;  ffartea  P.  Wright ;  Monoxenia  U. 

Suborder  2.     8T0L0KIFE&A. 

Colonial  Alcyonaria  toith  a  membranous  or  ribbon-like  stolon.  Jelly  poorly 
developed.  Polyps  either  entirely  free  frvin  one  another  except  at  their  bases^  or 
connected  by  horizontal  platforms  {Tubipora)  or  connecting  tubes  {Clavularia 
viridis).  Skeleton  absent,  or  composed  of  calcareous  spicules  which  may  be  joined 
together  or  be  isolated.  In  some  cases  the  body-wall  is  supported  by  a  homy 
secretion. 

Fam.  2.  Comnlaridae.  Polyps  are  not  united  in  bundles,  but  either  spring 
from  a  plate-like  ex|)ausion  or  a  cree])ing  stolon  ;  or  are  branched  and  bear 
lateral  buds.  Cornularia  Lam. ,  no  spicules,  horny  secretion  on  polyp-walls  and 
stolon ;  Khizoxenia  Ehrb. ;  Clavularia  Q.  and  G. ;  Sarcodictyon  Forbes ;  Anthelia 
Savigny ;  Gymnosarca  S.  Kent ;  Comulariella  Verrill ;  Telesto  Lamouroux, 
polyps  rise  from  a  flat  base,  or  from  stolons,  and  bear  buds ;  Coelogorgia 
M.  Edwards,  colony  arborescent,  an  axial  polyp  with  buds ;  Cyathopodium 
Verrill,  stolons  calcified  connecting  the  short  cup-shaped  polype  ;  Scleranthelia 
Studer ;  Anthopodium  Verrill ;  Sympodium  Ehrb. ;  Stereosotna  Hickson,  with 
spicules,  with  non-contractile  i)olyps  and  tentacles,  with  a  homy  layer  between 
the  ectoderm  and  8up{X)rting  lamella  ;  Erythropodium  Koll.;  Callipodium  Verr.; 
Pseudogorgia  Koll.,  axial  i)olyp  with  lateral  polyps  budded  from  the  upper  part 

Fam.  3.  Tubiporidae.  Colonics  consist  of  tubular  poly|)s  parallel  to  one 
another,  and  united  by  horizontal  platforms  containing  endodermal  canals 
(Fig.  146,  C).  The  platforms  are  formed  as  outgrowths  of  the  lipe  of  the  polyps, 
into  which  prolongations  of  the  enteric  cavity  pass  to  form  the  endodermal 
canals ;  they  are  at  first  without  or  with  only  a  few  spicules.  The  platforms 
and  the  greater  part  of  the  walls  of  the  polyp-tubes  contain  a  skeleton  formed 
of  coalesced  spicules,  so  that  the  dry  corallum  has  the  form  of  i)arallel  tubes 
united  by  lamellae.  The  first  layer  of  platforms  constitutes  the  plate-like  stolon 
of  origin.  The  tubes  are  divided  at  intervals  by  partitions  called  tabulae  which 
may  be  funnel-shaped.     Tubipora  L.,  the  organ-pipe  coral. 

Sub-order  3.     ALCYOKACSA. 

Colonial  Alcyonaria  with  a  well'developed  canal  if crov^  cocnenchyma  and  loose 
^icules,  With/nU  axial  skeletal  rod.  The  buds  are  formed  from  the  coenenchymal 
canals  (Fig.  145,  D). 

Fam.  4.  Xeniidae.  Colonies  of  long  ix)lyp8,  united  in  their  lower  portion  by 
a  canal  system,  ramifying  in  a  connecting  coenenchyma  with  feebly  calcareous 
spicules.     Xenia  {Heteroxenia  Koll.)  Savigny. 

Fam.  5.  Organidae.  Elongated  |)olyps  united  together  so  as  to  form  a  short 
upright  stem.  Polyps  and  tentacles  provided  with  spicules.  Organidus 
Danielssen. 

Fam.  6.  Alcyonidae.  Massive  coenenchyma  containing  the  polyp  tubes, 
which  are  united  by  endodermal  canals  from  which  the  buds  are  formed. 
Isolated  spicules  in  the  jelly  of   the   coenenchyma.      Crystallaphanes  Dan.; 


PBSNATDLACBA.  179 

Bttlotutla  Graj;  Nidalia  Gnj ;  Faraicyoniwn  M.  Edw.;  Sarakka  Dan.; 
Alcyoaimn  L,,  A.  digitatum,  dead  men's  fingers;  Lobularia  Savigny;  Sarco- 
pKyttm  LessoD,  with  dimorphic  poljpa;  Lubophytam  lAaxeavsWet,  with  dimorphic 
polyps;  Antkoinatlicg  Verr.,  dimor- 
phic polfpa;  Nanmdendran  Dan., 
dimorphic  polyps. 

Fun.  7.  Nq^thjridM.  A  branched 
Goenenclijma  ivith  sterile  base  and 
terminal  polyps.  The  latter  do  not 
exhibit  separate  caljcine  and  ten- 
tacular regions,  and  there  is  no  in- 
TBgination  of  the  latter  ;  when  at 
rest  tentacles  folded  over  oral  disc. 
Bods  arise  from  line  endoderma] 
canals  between  the  polyps.  Fiicrin- 
fia  Dan.;  Fulta  Dan.;  Bara&rMua 
Dan.;  Gerstmia  Marenzellcr;  Oer- 
taaiopti*  Dan.;  Dri/n  Dan.;  Dvva 
Kor.  and  Dan. ;  BunrphAya  Verr. ; 
JmmMea  Sav. ;  Jfephlhya  Sav. ; 
^xmgoda  Lesson ;  Parattephikya 
Wright  and  Studsr  ;  Scleronephlhya 
Wr.  and  St.;  Vhironephihya  Wr. 
and  St.;   Siphtmogorgia  KolL 

Fam.  8.  HelioporidM.*  Comjiact 
eorallnm  formed  in  the  jelly  of  Che 
eoenenchyma.  The  corallum  is  tra- 
Tsrsed  by  tubes  closed  above,  called 
coeDenchynial  tubes  {possibly  modi- 
M  siphonozooids),  and  by  tubes 
eontinued  from  the  polyp  calycles. 
Both  syatems  of  tubes  are  divided 
by  tabulae  and  are  united  by  endo- 
dermal  canals  in  the  superliciat 
eoenenchyma.  False  septa  fonned 
by  denticulations  of  the  margins  of 
the  calycles.     Seliopora  Blainvilte. 

Sab-order  4.    rXSllATVLAt;EA.i 

VJlaOached  polyp  coloaiea  wUh  a 
Mall:  t7ttbedded  in  mud  or  jand,  and 
a  nuAu  btaring  polyps.  The  tialk 
generally  hat  an  axial  rod. 

The  stalk  ia  nitbout  polyps  and 
is  embedded  in  mud  or  sand.  The 
nobis  is  a  continuation  of  the  stalk  and 


t  A.  kolliker,  Ariai.-tyH.  BetchreA.  d.  Ala/onarien  AU.  1.  Di«  Peiinalitlidtn, 
Fiankftirt-a-M.,  187Z  A.  Kolliker,  "  Report  on  the  Pennatulidae,"  Challenger 
Sqnrta,  1880. 
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Upon  it  ID  difleraiit  vitji.  In  FcreliUiiia  the;  are  distributed  all  rouud  tli< 
nicliis ;  in  JCophobeleiiimm  (Fig.  147)  tliej  are  absent  ou  a  streak  of  one  side— 
the  HO'Called  wiitTal  side;  in  most  geucra  they  are  arranged  bilaterally,  th^re 
being  a  dorsal  aa  well  as  n  ventral  streak  free  from  tliem.  Further,  in  some 
genera  they  are  sessile  on  tlie  racbis,  but  is  the  Pennatulea,  or  Sea-Keatbera 
proper,  tlie  polyps  are  borue  only  on  lateral  proceisei  of  tlie  coenenohjna,  called 
the  pinnules.  Tlie  pinnules  are  broad  triangular  leaf-shaped  structures  attached 
by  tlieir  base  to  the  Tochi?  and  carrying  the  polyps  ou  their  dorsal  edges  (Fig. 
I4S).  The  polyp-tubes  project  in  some  cases  to  fonn  the  so-called  ulU;  tlie 
cells  may  have  apiuea  or  tufts  of  spicules. 

The  poly ]«  are  dimorphic  ;  the  <iiito:w)ids  have  tentacles  and  generative  orgiu», 
and  are  without  a  gonidial  groove :  the  siphonozaolds  possess  a  gonidial  groove 
but  are  without  tentacles  and  gonads,  also  they  have  filameuts  on  tbe  two  doisal 
niesenteries  only.  The  siphono- 
zooids  are  distributed  over  the 
nbole rachls  in  SetiilUx  and  Vtre- 
tilliim ;  and  in  the  Pennatidta 
they  are  on  the  rochia  or  ou  the 
pinnules. 

The  stalk  geoerally  contains  an 
axial  calcareous  or  homy  rod  sur- 
rounded by  a  sheath  of  epithelial 
cells ;  and  the  coenenchyma  and 
bodies  of  the  polyps  may  contain 
isolat*^  spicules.  The  polyps  are 
continued  into  tubes  which  join 
the  caual  system  of  the  coenen- 
chymo.  This  canal-system  con- 
sists of  large  canals  continued 
down  from  the  polyps  and  open- 
ing after  ■  longer  or  shorter 
course  into  a  few  "  main  canaU," 
which  run  in  the  stalk.  Then 
are  generally  four  of  the  latter 
(two  in  BrrtUla),  of  which  two 
A,  from  tliB  ilOTMl ;  B,  froin  the  yentnX  »Wp.  grg  lateral,   one  doraal,  oud  one 

ventral.  At  the  lower  end  of 
tlie  stalk  the  lateral  canals  cea^,  leaving  only  the  dorsal  and  ventral.  They 
fuse  at  the  end  of  the  stalk  and  are  said  to  open  there.  In  addition  to  the 
large  canals  there  are  minute  canals  uniting  tlieni.  Some  of  the  polyps  are 
closed  below,  and  ojien  at  their  base  by  narrow  ogienings  iuto  the  genetal  canal 
system  of  the  colony. 

The  FtHnatulacca  are  not  distributed  imifomil]'  over  all  seas.  They  are 
mainly  littoral,  but  deep  water  forms  are  known,  and  these,  it  is  important  to 
notice,  belong  priueipally  to  the  aiuipler  families,  e.g.,  the  Fnloptitidae  and 
UmbtlluHdae.  Tlicy  appear  to  be  absent,  or  nearly  so,  in  tbe  deeper  parts  of 
the  Pacific  and  Atlnntic  Oceans  and  the  South  Polar  Sea  at  a  certain  distance 
from  the  shore. 

Section  1.     Feanatnlaa. 
Tlie  Sea-feathers.     With  pinnules  ;  racliis  with  a  bilateral  anangcment  of  the 
polyjia,  elongated,  cylindrical. 


n  KOUIktr] 
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Fan).  1.  Pteroeididae.  Pinnules  well  developed,  with  siphonozooids  on  the 
pinnules.     Plerocid^s  Herklot ;  Oodefroyia  Koll. ;  Sareophyllum  Koll. 

Fam.  2.  Pennatiilidae.  Pinnules  well  developed ;  siphonozooids  on  the 
ventral  and  lateral  sides  of  the  rachis.  PenncUula  Lam. ;  Leioptilum  Yerr. ; 
Ptilosarcus  Gray  ;  Halisceplrum  Herklot. 

Fam.  3.  Virgularidae.  Pinnules  small,  without  a  calcareous  plate.  Virg^i- 
laria  Lam. ;  Scytalium  Herkl. ;  Pavonaria  Koll. 

Fam.  4.  Stylatolidae.  Pinnules  small,  with  a  calcareous  plate.  Stylaiula 
Verr. ;  Dubenia  Kor.  and  Dan. ;  AcaTtthoptilum  Koll. 

Section  2.     Spieata. 

Rachis  elongated,  cylindrical,  with  a  bilateral  arrangement  of  the  polyps ; 
without  pinnules  ;  polyps  sessile. 

Fam.  5.  Funiculinidae.  Polyps  on  both  sides  of  the  rachis  in  distinct  rows, 
with  cells  ;  ventral  siphonozooids  absent.  Funiculina  Lamarck ;  BalipUris 
Koll. 

Fam.  6.  Staehyptilidae.  Polyps  (with  cells)  on  both  sides  of  the  rachis  in 
distinct  rows.     Ventral  siphonozooids  present.     Stachyptilum  Koll. 

Fam.  7.  Anthoptilidae.  Polyps  on  both  sides  of  the  rachis  in  distinct  rows, 
without  cells.     Antiiopiilum  Koll. 

Fam.  8.  Kophobelemnoxiidae  (Fig.  147).  Polyps  on  both  sides  of  the  rachis 
in  a  single  series,  or  in  indistinct  rows,  large  and  without  cells;  rachis  elongated, 
cylindrical ;  ventral  streak  of  rachis  without  polyps.  Kophohelemiion  Asbjomsen, 
ScUrcbeleinnon  Koll. ;  BathyptUum  Koll. 

Fam.  9.  VmbeUulidae.  Polyps  on  both  sides  of  the  rachis  in  a  single  series, 
or  in  indistinct  rows,  large  and  mthout  cells  ;  rachis  short  (t.e.,  the  jwlyps  are 
placed  at  the  end  of  the  central  stem).     Umhellula  Lam. 

Fam.  10.  Protocaolidae.  Polyps  on  both  sides  of  the  rachis  in  a  single 
series,  or  in  indistinct  rows,  small  and  without  cells.  Protoeaulon  Koll. ; 
Cladiseus  Kor.  and  Dan. 

Fam.  11.    Protoptilidae.    Polyps  on  both  sides  of  the  rachis  in  a  single  series 

or  in  indistinct  rows,  with  cells.     Protoptiluvi  Koll.;   LygoniorpJia  Kor.  and 

Dan.;  Microptilum  Koll.;  Leptoptilum  Koll.;  Trichoptilum  KolL;  ScleroptUum 

Koll. 

Section  3.    Benillea. 

Rachis  expanded  in  the  form  of  a  leaf,  with  bilateral  arrangement  of  the 
polyps  on  one  side  of  the  expansion  ;  without  pinnules.  A  single  large  siphono- 
zooid  (exhalent  zooid)  terminates  the  cud  of  the  central  stem. 

Fam.  12.     Senillidae.    Renilla  Lam. 

Section  4.    Veretillea. 

Club-shaped  colonies,  without  pinnules.  Polyps  arranged  all  round  the 
nchis. 

Fam.  13.  CaTemalaridae.  Spicules  long.  Cavemularia  Valenciennes ; 
Slylobeleinnon  Koll. 

Fam.  14.  Litnaridae.  Spicules  short.  Lituaria  Val. ;  FeretiUum  Cuv.; 
Policeila  Gray  ;  Clavella  Gray. 

Sub-order  5.     OORaOKACEA. 

Fixed  colonial  Alcyotiaria  with  a  Jwmy  or  calcareous  axial  rod,  whicli  is 
cotered  by  a  coenenchyyna  from  which  the  polyps  arise. 
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Section  1.     Solerazonia  (Pfendaxonia). 

Fixed  upright  branched  colonies.  The  coenenchyma  consists  of  a  canaliferous 
cortical  layer  (with  spicules)  in  which  the  polyps  are  placed,  and  of  a  medullary 
substance.  The  latter  contains  spicules  (different  in  fomi  from  the  cortical 
spicule-s)  which  are  generally  tightly  packed,  and  sometimes  fastened  together 
by  a  horny  substance,  or  cemented  into  a  strong  axis  by  calcareous  matter. 
Without  epithelial  layer  round  the  central  rod. 

Fam.  1.  Biiareidae.  Coenenchyma  consists  of  a  polyp-bearing  cortex  and 
a  medullary  substance  of  closely  i>acked  spicules.  These  are  either  developed  on 
the  surface  of  an  upright  shrubby  colony,  or  the  medullary  substance  is  relegated 
to  the  interior  of  a  cylindrical  stem,  over  which  is  spread  the  cortex.  In  the 
latter  case  there  is  a  more  or  less  well-defined  axis,  which  may  be  permeated  by 
nutritive  canals.  LcucocUa  Gray  ;  Solenocaulon  Gray ;  Semperina  Koll. ;  Suhcria 
Studer  ;  AiUhothcla\Qxv.\  Paragorgia  M.-Edw. ;  Briareum  Blainville  ;  Titnni- 
deum  Ag. ;  Iciligorgia  Ridley  ;  Sjyongiodenna  Koll. 

Fam.  2.  Sclerogorgidae.  An  axis  consisting  of  closely  intercalated  elongated 
spicules  with  dense  horny  sheaths.  The  axis  is  surrounded  by  longitudinal 
canals,  into  which  there  open  the  reticulated  coenenchymatous  canals,  uniting 
the  j)olyps.     Suberogorgin  Gray  ;  Keroeides  Wr.  and  St. 

Fam.  3.  Melitodidae.  Axis  jointed,  consisting  of  alternate  portions  of  cal- 
careous and  soft  horny  substance.  Mclitodes  Verr. ;  Mopsella  Gray  ;  Acabaria 
Gray  ;  Psilacaharia  Ridley  ;   Wrightella  Gray  ;  Chithrnria  Gray  ;  Parisis  VeiT. 

Fam.  4.  Corallidae.  Axis  of  a  dense  calcareous  mass  of  fused  spicules ; 
polyps  dimorphic  ;  the  sijihonozooids  are  said  to  grow  into  autozooids.  CaraUium 
Lam.;  O,  ruhruviy  the  red  coral  (Fig.  188) ;  Pfeurocorallium  Gray. 

Section  2.    Holazonia  (Axifera) 

Coenenchyma  branched  or  simple,  with  cortical  canaliferous  layer  and  axial 
rod,  which  is  either  horny,  or  of  calcified  horn,  or  of  alternating  joints  of 
calcareous  matter  and  horn.  Axial  rod  derived  from  a  layer  of  ectoderm  cells 
invaginated  at  the  base  of  the  colony,  and  surrounding  it  as  an  epithelium 
(Fig.  145). 

Fam.  5.  Daiygorgidae.  Simple  or  branched,  coenenchyma  thin,  polyps 
large ;  both  polyjjs  and  coenenchyma  contain  spicules.  When  at  rest  the 
tentacles  are  folded  over  the  oral  disc.  Strophogorgia  Wright ;  Chrysogorgia 
Ehich.  and  Mich. ;  Herophila  Steenstrup  ;  Dasygargia  Verr. ;  Irulogargia  Verr. 

Fam.  6.  Isidae.  Axis  consists  of  alternating  homy  and  calcareous  portions. 
Balhygorgia  Wright ;  Ceratm'sis  Wright ;  Caffisis  VeiT. ;  Acanella  Gray ;  Isidella 
Gray  ;  Sclcrisis  Studer ;  Primnoisis  Wr.  and  St. ;  Mopsea  Lamouroux ;  Acan- 
Uwisis  Wr.  and  St. ;  Isi^  L. 

Fam.  7.  Prinmoidae.  Axis  calcareous  and  horny,  basal  attachment  calcareous. 
Polyps  with  club-shaped  calycine  portion.  Operculum  calycino  formed  by  some  of 
the  scale-like  spicules  of  the  calycine  region,  which  shut  over  the  tentacular  region. 
Calhzostron  Wright ;  Calyptrophora  Gray  ;  Primiioa  Lamouroux  ;  Staehyodes 
Wr.  and  St. ;  Valypterimis  Wr.  and  St. ;  Stenclla  Gray ;  Tkouarella  Gray ; 
Amphilaphis  Wr.  and  St. ;  Pluinarella  Gray ;  Primnoella  Gray;  Caligorgia  Gray. 

Fam.  8.  Mnriceidae.  Axis  horny ;  spicules  project  lieyond  the  surface  of 
coenenchyma ;  operculum  tentacular,  formed  by  the  spicules  at  the  l)ase  of  the 
tentacles  which  close  over  the  calyx  when  the  oral  region  is  i-etracted.  Acan- 
thogorgia  Gray  ;  Paramuricca  Koll. ;  Hypnogorgia  Duch.  and  Mich. :  Muriceides 
Wr.  and  St. ;  Clcmalism  Wr.  and  St. ;  Villogorgia  Duch.  and  Mich. ;  Anthogorgia 
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Verr.;  Mtnella  Gray;  Aeis  Duch.  and  Mich.;  Thesea  Diich.  and  Mich.;  Bebryce 
Philippi. 

Fam.  9.  Plezanridae.  Colony  branched,  axis  horny  :  polyps  occur  all  over 
the  thick  coenenchyma  ;  spicules  large  ;  cortical  club-sha])ed  and  deeper  spindle- 
shaped  spicules.  Eunicea  Lamouroux  ;  Plexatira  Lamouroux  ;  Psammogorgia 
V«rr. ;  Platygorgia  Studcr. 

Fam.  10.  Gorgonidae.  Colonies  upright  and  branched  usually  in  one  plane  ; 
axis  homy,  rarely  homy  and  calcareous  ;  polyps  arise  from  stem  and  twigs  in  a 
bilateral  and  biradiate  manner.  Coenenchyma  smooth,  spicules  small.  Platy- 
eaulat  Wr.  and  St.;  Lophogorgia  M.-£dw.;  Leptogorgia  M.-Edw. ;  Stenogorgia 
Verr.;  Callistephanus  Wr.  and  St.;  Swiftia  Duch.  and  Mich.;  Gorgonia  L. ; 
Sugorgia  Verr. 

Fam.  11.    Oorgonellidae. 

Order  3.     Zoantharia  =  Hexactinia. 

Polyps  and  polyp-colonies,  ustuilly  with  simple  unhranclied  tentacles. 
There  are  usually  incomplete  as  trell  as  coinplete  mesenteries,  and  the 
tentacles  usually  alternate  in  several  circles. 

This  order  includes  the  Sea-Anemones  and  Corals.  The  order 
owes  its  name  Hejcadinia  to  the  fact  that  in  some  of  the  best- 
known  fonns  the  mesenteries  and  tentacles  are  arranged  in  some 
multiple  of  the  number  six.  There  is,  however,  the  greatest  variation 
in  this  respect,  and  Avith  the  progress  of  research  it  has  l^ecome  clear 
that  the  number  six  is  by  no  means  universally  characteristic;  indeed 
we  may  go  further,  and  say  that  it  is  not  even  typical ;  and  it  appears 
probable  that,  when  this  matter  has  been  more  fully  looked  into,  the 
hexactinian  arrangement  will  be  found  to  be  only  one  of  many 
mesenterial  arrangements  found  in  the  group.  In  some  cases  the 
number  of  mesenteries  increases  with  the  growth  of  the  animal. 

Development.  Our  knowledge  is  not  very  complete.  An  in- 
vaginate  gastrula  has  been  observed,  with  a  bhustopore  i)er8isting  as 
mouth.     A  ciliated,  free-swimming  larva  is  usually  formed. 

There  are  three  sub-orders. 

Suborder  1.    ACTIHIASIA.*    IIALACODEBMATA 

Solitary,  rarely  colonial  polyps  wUh  mesenteries^  the  number  of  which  is 
utually  a  multipU  of  six  ;  without  skeleton.  Body  moving  freely ,  or  adherent 
Ify  means  of  the  pedal  disc  ;  rarely  firmly  fixed, 

•  P.  H.  Gosse,  A  History  of  the  British  Sea-Anemones  and  Corals,  London, 
1860.  R.  Hertwig,  *' Report  on  the  Actiniaria,"  Challenger  Reports^  Pt  16, 
1882.  R,  Hertwig,  Supplement  to  the  above.  Challenger  BtportSy  Pt.  73,  1888. 
A.  Andres,  **  Le  Attinie,"  Fauna  and  Flora  des  Oolfes  von  Neapel,  1884.  A.  C. 
Haddon,  **  A  Revision  of  the  British  Actiniae,"  Pts.  1  and  2,  Sci,  Trans,  Jioy. 
Dublin  Soc,  (2),  4,  1889-91.  J.  Playfair  McMurrich,  "Report  on  the  Actiniae 
collected  by  the  United  States  Fish  Commission  Steamer  Albatross,'*  Proc,  U.  S. 
National  Museum,  toL  xvi.  p.  119,  1893. 
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e  Zoantheu  aloae  are  colonial.      As  a  rule  there  ia  a  aiDgle  <s]rDna  ot 

tentacles  at  tlie  edge  of  the  oral  disc ;  thea«  are  tlie  primary  (marginal) 
tentaclea.  When  they  are  in  several  rows  the  inner  are  t!ie  oldest  They  arise 
both  from  intra-  and  iiitennesenterial  spaces  (see  below,  p  184).  In  addition  to 
these  there  are  jn  some  forma  {Coralliniorphiilae)  secondary  or  uxesanry  tentules 
arising  from  the  disc  niid«ay  Iwtweeu  the  mouth  and  marfpn,  and  these  are 
always  iDtramesenterial.  There  is  nearly  always  a  sphincter  muscle  at  the 
periatomial  nargiu,  which  may  be  endodermal  or  mesodermal  (i.e.  in  the  jelly}. 
It  closes  the  peristomial  mar^n  over  the  mouth  and  tentacles  during  retractlOD. 
The  mouth  is  usually  slit-like,  and  the  oesophagus  has  two  gonidial  groores 
(Gosse).  Sometimes  there  is  only  one  gonidial  groore  {FtofAia,  ZoatilitM, 
Cerianihiit).  The  thickened  walls  of  these  grooves  are  prolonged  beyond  the 
lip  at  the  two  ends  of  the  long  axis  of  the  mouth  m  two  tubercles  (called  in 
the  Siphottaclinidae  the  a/nehula), 

.  .  -  ^  proceaacs  of  the  oesophageal  vail  at  each  end  of 

the  long  axis  which  hang  domi 
into  the  coelcnteron  beyond  the 
restof  theoeaophagus;  the  gonidial 
grooves  are  continued  ou  to  them. 
The  gonidial  grooves  are,  in  this 
work,  defined  na  dorual  and  ven- 
tral. The  ventral  groove  is  the 
most  conspicuous,  and  the  only 
one  present  iu  I'eadiia  and  the 
Zoantheoe.  When  there  is  only 
one  groove,  it  is  not  always  poS' 
sible  to  determine  whether  it  is 
doraal  or  ventral.  In  the  terroi' 
nology  which  has  more  recently 
been  introduced  by  Haddou  the 
ventral  groove  is  termed  the  sufetu, 
and  the  dorsal  the  sufcuftu.  It 
will,  of  course,  be  understood  that 
the  above  use  of  the  words  dorsal 
and  ventral  ia  special  to  the  group, 
and  impliex  no  homologies  with 
the  dorsal  and  ventral  surfaces  of 
otlicr  animals. 

BQuldUa  gioovM.  The     mesenterial    arrangement 

presents  the  greatest  variation. 
The  arrangement*  generally  described  as  typical  is  that  of  the  Heractiniat,  in 
which  the  mesenteries  are  arranged  iu  paira  (Kig,  149],  and  in  the  simplest  caaes 
iu  six  pairs.  These  are  the  primary  maenlffriea,  and  they  all  reach  and  are 
inserted  into  the  oesophagus.  The  mesenteries  of  each  pair  are  usually  provided 
with  longitudinal  muscles  on  those  faces  which  are  turned  towanla  one  another, 
except  on  the  two  paiis  of  directive  mejieuteriBH  ;  these  carry  the  longitudinal 
muacleson  the  faces  turned  from  one  another.  Tlie  portion  of  coeleiiteron  enclosed 
in  each  pair  of  mesenteries  is  called  an  intrameieiiterial  space  or  endotoele,  the 
portion  between  the  paira  being  intermtunttrial  (exoooele).  There  are,  there- 
fore, six  of  tlic  former  and  six  of  the  latt«r.  There  are  in  many  cases  iaxmdary 
'  For  variation*  see  desanptians  of  the  different  sentiona. 
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mesenteries  (formed  later  than  tlie  primary)  iu  addition  to  the  primary ;  these  are 
complete  in  roost  Hexaciiniae  (incomplete  in  some  Sagartidcte,  Ptathxa^  etc.) ; 
there  are  six  pairs  of  them,  and  they  are  placed  in  the  iutermesenterial  spaces, 
the  longitudinal  rousciilar  faces  of  each  mesentery  being  turned  towards  the 
corresponding  face  of  its  fellow  of  a  pair,  as  in  the  case  of  the  lateral  primaries. 
There  may  be,  in  addition,  twelve  pairs  of  tertiary  mesenteries  and  twenty-four 
qtwtemarieSf  and  so  on  ;  the  mesenteries  of  each  order  being  always  in  pairs  and 
placed  in  iutermesenterial  sjiaces.  The  mesenteries  of  each  order  are  smaller 
than  those  of  the  preceding  order,  and  except  iu  the  case  of  the  piimaries  and 
secondaries  do  not,  as  a  rule,  reach  the  oesophagus.  *  The  space  between  the 
mesenteries  of  a  primary  pair  is  a  primary  iutramcsenterial  8))ace,  that  between 
the  mesenteries  of  the  next  cycle  a  secondary  intramesenterial  space,  and  so  on. 

The  tentacles,  like  the  mesenteries,  are  in  cycles  of  different  age,  so  that  we 
can  distinguish  tentacles  of  the  first,  second,  etc.  order.  There  is  often  a 
corresponding  distinction  in  size  {Corallimorphidae),  and  the  arrangement  of 
the  mesenteries  is  reflected  in  that  of  the  tentacles.  In  such  cases  the  six 
largest  tentacles  are  over  the  primary  mesenteiial  s])aces ;  the  next  six,  which 
are  a  little  smaller,  belong  to  the  secondai-y  iutramcsenterial  chambers ;  then 
follow  the  twelve  tentacles,  still  smaller,  of  the  tertiary  intramesenterial  spaces ; 
while  the  twenty-four  last  tentacles  communicate  with  the  iutermesenterial 
spaces. 

Acontia  are  present  in  the  Sagartidae,  The  epithelial  cells  always  carry 
fiagella  or  cilia. 

The  sexes  are  usually  separate,  but  a  few  are  hermaphrodite.  The  generative 
cells  in  some  cases,  if  not  all,  escape  through  the  gouidial  grooves. 

Budding  takes  place  in  the  colonial  Zoantheae,  and  both  budding  and  fission 
are  occasionally  observed  in  some  solitary  forms  (Anthea  cereus  =»  Aiuvumia 
sulcata^  Actinoloba,  Actinia^  and  other  genera). 

The  deTelopment  of  mesenteries  in  some  larval  Actiniae  is  interesting  in 
view  of  permanent  arrangements  in  the  various  tribes  of  the  Actiniaria.  It 
IB  as  follows  : — 

Stage  1, — The  two  first  mesenteries  are  at  right  angles  to  the  long  axis  of  the 
oesophagus,  and  divide  the  coelenteron  iuto  two,  generally  unequal,  cliaml>ers. 

Stage  2. — The  mesenteries  of  the  second  pair  are  in  the  larger  of  the  two 
chambers  so  formed. 

Stage  S. — The  mesenteries  of  the  third  pair  develop  in  the  smaller  of  the  two 
primitive  chambers. 

Stage  4. — The  mesenteries  of  the  fourth  pair  are  within  the  unpaired  chamber 
enclosed  by  the  mesenteries  No.  2  (Fig.  149^). 

Stage  5. — Two  pairs  now  arise  simultaneously,  and  for  some  time  remain 
incomplete ;  they  are  respectively  between  the  first  and  second,  and  the  firat  and 
third  ;  their  longitudinal  muscles  face  the  longitudinal  muscles  of  the  first  and 
second  respectively.  When  these  are  completed  we  get  the  typical  Hexactinian 
arrangement  of  the  above  mesenterial  ^uiirs  ;  the  third  and  second  are  directive. 
Moreover,  it  is  to  be  noted  that  Stage  4  exists  permanently  in  the  Edwardsiaey 
while  Stage  5  is  found  in  Oonaetinia  and  in  a  modified  form  in  the  Zoantheae. 

Stage  6, — A  pair  of  small  mesenteries  with  their  muscles  facing  each  other 
appears  in  each  iutermesenterial  chamber  (exocoele),  and  so  with  subsequent 
cycles.  In  Peachia  only  four  pairs  of  secondaries  are  formed,  those  of  the 
dorsal  iutermesenterial  chamber  (opposite  to  the  gouidial  groove)  being  absent. 

The  deep-sea  forms  are  very  commonly  distinguished  by  the  reduction  of  their 
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tentacles  even  to  vuiishing  point  and  by  tlie  enUrgenieot  of  their  tenninal 
openings  to  large  BiitOike  atomidia* ;  also  bj  variations  from  the  tjpe  oF 
mesenterial  arrangement. 

Tlie  Adiniaria  comprise  the  Sea-Anemones ;  they  live  in  the  sea,  attached  to 
rocks  or  other  bodies,  or  embedded  in  aand,  or  sessile,  as  commensals,  on  hemiit 
crab  shells. 

Section  1.     HezaotinlM. 

With  paired  mesenteries.  Tlie  mesenteries  of  each  pair  are  uanally  provided 
with  longitudinal  muscular  fibres  on  those  faces  which  are  turned  towards  one 
another,  except  on  the  two  jiaira  of  directive  meseiiteriea,  which  carry  the 
longitudinal  muscles  on  the  faces  turned  from  one  another  (Fig.  149).  Six  or 
more  pairs  of  mesenteries,  increasing  in  multiples  of  six.t  Mouth  sUt-hke, 
oesophagus  usually  with  two  gouiiiial  grooves. 


(aftw  H.  V.  Wilson) ;  ^i,  itsin  o 
UcHnrrich).  The  mtHnterla  ■ 
tn  endoileTDi ;  t  lupporting  Unii 

8ub-tribe  1.  BTICHODACTTLIHAE.  Tentacles  arranged  radially,  some  or 
all  of  the  intramescntcrial  chambers  conimunicatiug  nith  more  than  one 
tentacle. 

Fam.  1.  CorallimoTpliidaa.  With  a  double  or  multiple  corona  of  tentacles 
(marginal,  principal,  and  intermediate  accessory),  more  tlian  one  tentacle  com- 
nranicating  with  each  intr^jmesenteria!  chamber.  Tentacles  various  ;  pedal  disc 
present ;  gonads  on  all  the  septa  ;  muscular  system  weak  ;  sphincter  mnsde 
various  ;  acontia  absent.  C<tralliniOTjihvi  Mosetey,  from  the  deep-sea;  Coryttattis 
Allmau ;    Capnea   Forbes;    Duaaoma    Leuck.;    Aardiana   Go«se;    RhodadU 

'  Recent  researches  render  it  probable  that  in  these  cases  the  tentacles  have 
dropped  off. 

t  There  is,   however,   variation  in  this  character,  even  witliin  the  section 
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M.-£d.  and  H.;  Phyma7ithu8  hU-Ed,  and  H.;  Orambactis  Haeckel ;  Cryptoden- 
drum  Klunzinger  ;  Acti)wthrix  D.  and  M. ;  Heterodactyla  £hr. 

Fam.  2.  Xinyadidae.  Pedal  disc  transformed  into  an  apparatus  for  floating. 
Tentacles  in  some  as  in  the  Corallimorphidae,  Minyas  Cuv. ;  Daetyloininyas 
And. ;  Acerominyas  And. ;  Phyllominyas  And. 

Sub-tribe  2.  ACTnilKAE.  Tentacles  arranged  in  cycles,  only  a  single 
tentacle  communicating  with  each  intramesentcrial  chamber. 

Fam.  3.  Antheomorphidae.  Tentacles  digitate ;  pedal  disc  present ;  accessory 
tentacles  absent ;  gonads  on  all  the  mesenteries ;  numerous  complete  mesenteries ; 
muscular  system  weak ;  without  sphincter  muscle  or  acontia.  AiUheomorpke 
R.  Hertwig,  deep-sea  form. 

Fam.  4.  Actiniidae.  Tentacles  digitate,  in  a  single  corona;  pedal  disc 
present ;  acontia  absent,  sphincter  muscle  endodemial,  weak ;  with  numerous 
mesenteries.  Actinia  Bro\i'ne ;  Anemonia  Risso ;  Condylaciis  D.  and  M. ; 
Adinioides  Hadd.  and  Shack.;  Bolocera  Gosse. 

Fam.  5.  Aliciidae.  With  large  flat  base.  Lateral  body- wall  with  simple 
or  compound  hollow  processes  or  vesicles,  mostly  in  vertical  rows.  No  cinclides. 
Sphincter  variable,  diffuse,  endodermal.  Acontia  absent.  Alicia  Johnson ;  Cysti- 
adis  M.-Edw. ;  Tluiumaelis  Fowler ;  Bunodeopsis  And. ;  Phyllaclis  M.-£d.  and  H. 
Fam.  6.  Bimodidae.  Tentacles  digitate  ;  pedal  disc  present ;  acontia  absent ; 
sphincter  well  developed,  circum8cril)ed,  endodermal ;  with  numerous  perfect 
mesenteries.  Tealia  Gosse  ;  Leiotealia  R.  Hertwig. ;  Bunodes  Gossc  ;  Phyinactis 
ll.-£dw.  and  H.;  Aulactinia  Verr. ;  Anthopleura  Duch. ;  EfXLctis  Verr. ;  Thelactis 
Klunzinger ;  Cereactis  Andres. 

Fam.  7.  Paractidae.  Tentacles  digitate ;  pedal  disc  present ;  acontia 
absent ;  sphincter  strong,  mesodermal  ;  with  numerous  perfect  mesenteries. 
Paractis  M.-£dw.;  Dysactia  M.-£^w. ;  Tealidium  Hertwig  ;  Antholcha  Hertwig; 
Ophiodiactts  Hertwig ;  Paranthua  Andres  ;  ParcuUinia  And. ;  Actinerus  Verr. ; 
Adinasiola  Verr. ;  PycnaiUhus  McM. ;  Cymhactis  McM. ;  Stomphia-  Gosse. 

Fam.  8.  AmpManthidae.  Tentacles  digitate ;  pedal  disc  present ;  acontia 
absent ;  mesodermal  sphincter  present ;  ti-ansverse  axis  of  body  and  mouth 
elongated,  so  that  the  two  gonidial  grooves  almost  touch  ;  principal  mesenteries 
sterile ;  secondary  mesenteries  incomplete.  Attached  to  the  axial  skeletons  of 
Oorgonidae,     Stepfuinactis  Hertw,;  A  mphiaiUhus  Hertw. 

Fam.  9.  Sagartidae.  With  mesodermal  sphincter  muscle,  usually  with 
only  a  few  complete  mesenteries,  with  acontia. 

Sub-fam.  1.  Sagartinae.  With  naked  ectoderm,  the  acontia  emitted 
through  the  mouth  and  through  cinclides.  The  mesenteries  of  the  second 
and  subsequent  cycles  may,  in  a  more  irregular  manner,  reach  the  oeso- 
phagus. Sagartia  Gosse ;  Ccretis  Okcn ;  Actinoloba  Blainv. ;  Adamsia 
Forbes,  sessile  upon.  Gastropod  shells  containing  a  Hermit  crab;  Cylista 
Gosse ;  MUadis  Haddon  and  Duerden  ;  Aiptasia  Gosse ;  Oephyra  V.  Koch 
{Aforph,  Jakrb.  4)  solitary  or  colonial,  sessile  on  zoophytes,  to  which  it 
is  glued  by  a  cuticular  mattei  secreted  by  the  ectoderm,  with  more  than 
24  tentacles. 

Sub-fam.  2.  Chondraotiniiiae.  With  thick  body-wall,  upper  portion 
different  in  character  from  the  lower,  which  is  provided  with  a  cuticle. 
The  12  primary  mesenteries  alone  are  complete  and  without  gonads. 
Acontia  emitted  by  the  mouth,  cinclides  absent.  Actinauge  Verrill  ; 
ChitonarUhus  McM.;  Hormaihia  Gosse  ;  Chiianactis  Fischer  ;  Chondractinia 
Lutken ;  Paraphellia  Haddon. 
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Sub-fam.  3.     Phellinae.    Sagartidae  with  a  cuticular  covering ;  primary 
mesenteries  alone  fertile.     Phellia  Gosse  ;  Octophellia  And. ;  Hyactis  And. ; 
Ammonactis  Verr. 
Fam.  10.     Heteraotidae.    Tentacles  clavate,  knobbed.     Elocustis  And. ;  Bhoj^o- 
lactis  And. ;  Ragactis  And. ;  Hcteractis  M.-Edw.  and  H. ;  Stauractis  And. 

Fam.  11.  Sideractidae.  With  sixteen  jiairs  of  perfect  mesenteries,  ai:d 
three  series  of  non-retractile  tentacles,  of  which  the  innermost  contains  eight 
Sidcractis  Dan. 

Fam.  12.  Madoxiiaetidae.  With  a  few  principal  mesenteries,  acontia,  and 
a  prominent  eudodermal  circular  muscular  system.  Intermediate  between 
Bunodidae  and  Sagartidae.     Madoniaciis  Dan. 

Fam.  13.  Andvakiadae.  Elongated,  without  any  real  pedal  disc,  seated 
loose  in  the  sand,  the  greater  part  of  the  body  encrusted.  The  uppermost  bare 
l>art  of  the  body,  the  oral  disc,  and  the  tentacles  completely  retractile.  Few 
mesenteries.     Endodermal  circular  muscular  system.     Near  Sagartidae. 

Fam.  14.  Liponemidae.*  Tentacles  reduced  to  short  tubes  or  stomidia ; 
with  numerous  perfect  mesenteries.  Deep-sea  forms.  Polysiphonia  R.  Hert, 
tentacles  short  tubes  with  large  tenninal  0{)ening,  allied  to  Paractidae ;  Poly- 
stoviidium  R.  Hert.,  with  stomidia,  allied  to  Adinidae ;  Liponema  R.  Hertwig, 
stomidia  very  numerous  ;  Aulorchis  R.  Hert.,  with  gonads  modified  into  a  tube 
opening  through  the  mouth. 

Fam.  15.     Sarcophianthidae.    Sarcophianthus  Lesson. 

Fam.  16.  Thalaisiantliidae.  Tentacles  replaced  by  bushy  excrescences  of  the 
disc.  ThalassianUius  Leuck. ;  Actineria  Blain.;  Megalactis  Ehrb. ;  Actinodendron 
Blain. 

Fam.  17.  nyanthidae.  With  single  corona  of  tentacles  ;  pedal  disc  absent, 
gonidial  grooves  and  sphincter  obscure.  Ibjanthus  Forbes ;  Mesacinaea  And. ; 
Halcampa  Gosse  ;  Ualcampella  And. 

Fam.  18.  Siphonactinidae.  Like  the  last,  but  with  a  gonidial  groove,  the 
lips  of  which  project  beyond  the  mouth  {conchuJa).  Peachia  Gosse ;  Siphon- 
actinia  K.  and  D. ;  Philmnedusa  Muller  ;  Actitiopsis  K.  and  D. 

Daniclssen*s  genera  Aegir  and  Fcnja\  do  not  exist.  They  were  founded  upon 
mutilated  specimens. 

Section  2.     Paraotinia. 

With  i>aired  mesenteries.  There  are  two  jwiirs  of  directives,  and  the  longi- 
tudinal muscles  are  arranged  as  in  Hexactinia.  Number  of  mesenteries  has  no 
relation  to  the  number  6.  With  two  gonidial  grooves  and  two  oesophageal 
lappets. 

Fam.  1.  Sicyoxiidae.  Sessile,  with  tetramerous  arrangement  of  the  mesenteries, 
sphincter  muscle  mesodermal,  tentacles  as  short  knob-like  stumps.  Possibly 
related  to  the  Tetracorallia.     Sicyanis  R.  Hert.     Deep-sea  form. 

Fam.  2.  Polyopidae.  Without  })edal  disc,  tentacles  transformed  into 
stomidia. :J:    Polyopia  R.   Hert.     Deep-sea  form,  probably  tetramerous. 

*   Vide  note  on  p.  186. 

t  D.  E.  Danielssen,  "Actiuida,"  T?ie  Norwegian  North  Atlantic  Eoepeditim 
1876-8.     1890. 

X  See  note  on  p.  186. 
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Section  8.    Prot4etiniM  (ProtuiUiew). 

With  12  primary  and  I  or  2  pairs  of  aecondar;  meaeuteries,  which  are  dorsal 
rather  than  veutral.  Body-wall  and  oesophagus  with  ectodermal  gauglionio 
and  muscular  iHjers. 

Fam.  fimuatiiddM.    Seytophorvs  R.  H.;  GmiaetinUi  Sara,  with  the  powet  of 
transverse  lissioD  ;  OraxtU  HcH. ;  Prolanlhta  Calg. 
Section  4.     Edmrddae. 

Without  pedal  disc,  with  8  mcsenteriea,  including  two  pairs  of  directive 
mesenteries  and  4  unpaired  meaenteriea  (Fig.  160).  All  mesenteries  with  gonads. 
Tentacles  usually  mora  numerous  than  the  meaenteriea.  The  muscular  (longi- 
tndinal)  faces  of  the  4  unpaired  mesenteries  are  all  turned  the  same  way.  Live 
in  sand.      EdKartkia  Quatrefages. 
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«  little  oblique.    DUotinl.FvM 

jl    inscro-,    i3   inlcrD-meiienUrlea    (from 
Perrier). 

Section  G.    ZoanthtM. 

With  numerous  mesenteries  of  two  kinds,  (a)  imperfect  sterile  micro-mesenteries, 
(i)  larger  perfect  macro-meseDteries  with  gonads  and  filaments :  the  two  kindK 
(Fig.  ]51)uaually  placed  alternately,  so  that  each  jwr  w  composed  of  a  larger 
•ud  a  smaller  mesentery  ;  two  pairs  of  directive  mesenteries,  one  pair  consisting 
o(  macro-,  the  other  pair  (dorsal)  of  micro- mesenteries  ;  oue  gonidial  groove 
ventral  (near  large  directives).  Usually  colonial ;  wall  of  boiiy  iiaually  travorse'l 
by  ectodermal  canals,  and  encrusted  with  foreign  bodies  nliich  may  even  be 
embedded  in  the  wall  Tlie  longitudinal  muscular  faces  of  the  meaenteriea  of 
each  pair  are  amnged  as  in  Bexaciiniae.  New  mesenteries  are  formed  in  the 
inter. mesenterial  space  on  either  side  of  the  ventral  directives.  The  colonial 
finms  arise  either  from  a  brauched  stolon,  or  from  a  broad  basal  plate  containing 
MUitomosing  endodermal  canals. 

Fam.  ZoaatbidM.  Zoanthui  Cuvier  ;  Oemmaria  D.  and  H.;  /aauriu  Gray  ; 
Palslhoa  Lam>.;  SjiAtiwpiw  Stenstr.,  with  rounded  aboral  end,  embedded  in 
sand  ;  Spisonnlkii)  Gray,  often  on  hermit-crab  gostvoiiod  shells ;  Parazoanthiii 
HaddoD  and  Shock. 
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Swtion  S.     CerUnthBU, 

unpaired  mesenteries  (Fig.  I6S),  luid  a  sinft'^  gODidial  groove 
^  (ventral).     The  two  messnteriea  attached 

to  the  gonidial  groove  (directive]  art 
very  sTnall ;  the  mosenlfiry  ou  either 
side  of  these  is  laige,  and  reaches  Co 
the  aboral  end  ;  the  remaining  meseo- 
teries  diminisli  in  size  towards  the  dorsal 
region  where  new  mesenteriea  are  added 
(not  ventrally  as  in  ZdarUkeae). 

Fsm.  CniaathidM.  With  a  double 
corona  of  tentacles,  marginal  principal 
and  circamoral  acceMory ;  aborftl  end 
rounded  ;  without  sphincter.  With  m 
aboral  t)ore  and  a  sheath  of  mud,  sand 
gi-aiiis,  and  uematocyata,  in  which  the 
aboral  end  of  the  body  lies  as  in  a 
case.  CerianMiM  D.  Chiaje  ;  Balhyajt- 
tkta  Moseley ;  Arachnaetis  Sars,  pelagic 
(possibly  a  larval  form). 


Sul.-o[iaer  2.     AKTIPATOABIA.' 

Colonial  Zoantharia  with  a  Uiideney  Ui  Ktxamery ;  Kith  a  utualty  brmidud, 
luiiit,  hollow,  horny  tktUtal  rod  containal  in  an  epithelial  sheath. 

Tbe  coenenchynia  consiats  of  the  fuseil  liases  of  the  polyps  ;  it  is  always  thin 
and  without  spicules.  Except  iu  one  geuus  there  is  a  central  homy  rod,  round 
which  the  caenencbylna  is  disposed.  The  origin  of  the  epithelial  sheath  which 
surrounds  the  rod  is  unknown.  The  polyps  have  generally  six  tentacles  and  aii 
primary  mesenteries,  four  of  which  are  directives,  and  the  other  two  transverse. 
The  transverse  mesenteries  1>ear  the  gonads.  Tlie  4  or  S  secondary  mesenteries 
fade  away  in  the  lower  part  of  the  polyp.  The  polyps  are  always  much  elongated 
in  the  transverse  axis  (i.e.  at  right  angles  to  tlie  elongation  of  the  month),  and 
in  the  Schiiopiithiiiae  the  l>ody  is  actually  constricted  into  tliree  divisions,  two 
lateral  containing  the  gouails  and  one  central  witli  tlie  mouth.  E^h  division 
lias  two  of  the  tentacles.  To  this  phenomenon  the  name  pseudo-dimorphism 
rather  than  diniorpiiisni  (gouozooiila  and  gastrozooids)  should  he  applied. 

Fani.  1.  SavagUidM.  With  21  mosenteriea  and  tentacles.  The  Colonies  are 
witliout  an  axial  rod,  but  form  a  slieath  round  Gorgonid  slceletona.  Polyps 
with  typical  Actinian  structure.  Probably  Actiuiarians.  Savaglia  Nardo 
(Oerardia  L.  Dilth.). 

FoJn,  S,  Antipathidas.  With  6  tentacles,  6  primary  mesenteries,  and  with 
or  without  4  or  fl  necoudary  mesenteries.  The  two  lateral  primary  mesenteries 
hear  the  gonads.     Tlie  aiisl  skeleton  is  spiny  and  has  a  central  canal. 

Sub-fani.  1.  Antipathiaae.  Polyps  not  |iseudo. dimorphic,  each  with 
6  tentacles;  transverse  axis  of  the  polyp  more  elongated  than  the  axis 
(sagittal)  which  is  marked  by  the  long  axis  of  the  mouth.  Cirrii>aliei 
ISlainv. ;  Stichopalhei  Brook;  LeiopaiiKa  Gray;  Antipalha  Pall.;  Anti- 
palhclla  Brook  ;  Aphaitiputha  Brook ;  Tylopaiha  Brook ;  PteropaAa 
Brook  ;  Paraatipathea  Brook. 
■  G.  Brook,  "  Report  on  Antipatharia,"  Challenger  KeporU,  Pt  80,  1889. 
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Sub-fam.  2.     Sohiiopathinae.    Polyjis  exhibit  pseudo-dimorphism  ;  each 

with  two  tentacles  (i.e.  6  to  each  polyp).     Schizqpathes  Brook  ;  Bathypathes 

Brook  ;  Taxipathes  Brook  ;  Cladopathea  Brook. 

Fam.  3.    Bendrobraohiidae.    With  branched  retractile  tentacles.     Axial  rod 

withoat  central  canal.     Anatomy  not  known,  possibly  Alcyonarian.     Dettdro- 

brackia  Brook. 

Sub  order  3.     XADBEPORAEIA.* 

Colonial,  rarely  solitary ,  zoantharian  polyps,  which  secrete  by  the  ectoderm  a 
continuous  and  complicated  calcareous  corallum. 

This  old  and  apparently  well-established  division  of  the  Zoantharia  is  still, 
from  a  structural  point  of  view,  very  imperfectly  known.  The  less  important 
features  of  structure,  viz.  the  arrangement  of  the  hard  parts — the  corallum— has 
been  minutely  examined,  but  the  soft  parts  have  been  neglected,  and  had  it  not 
been  for  the  investigations  of  the  Oxford  School,  and  of  v.  Koch,  we  should  still 
know  very  little  more  alwut  them  than  we  do  of  the  soft  parts  of  extinct  forms. 
These  investigations  which  will,  we  may  hope,  soon  lead  to  the  possibility  of  a 
satisfactory  classification  of  the  sub-order,  have  established  the  following  im- 
portant points:  (1)  the  complete  disestablishment  of  the  Tabulate  division, 
which,  on  examination  of  the  soft  parts,  has  been  found  to  comprise  forms 
belonging  to  Hydromedusae,  Alcyonaria,  as  well  as  to  Madreporaria ;  (2)  that  the 
corallum  is  entirely  a  product  of  the  epithelial  ectoderm,  and  lies  wholly  outside 
the  animal ;  (S)  that  the  structure  of  the  polyps  varies  in  the  different  groups, 
though  the  Hexactinian  type  seems  on  the  whole  to  prevail.  The  most  important 
deviations  from  that  type,  so  far  known,  are  presented  by  those  forms,  in  which 
the  directive  mesenteries  (if  indeed  they  can  be  called  so)  present  the  same 
arrangement  of  their  muscles  as  do  the  other  pairs  {Lophohelia,  Mussa,  EupJiyllia, 
ffeteropsammia),  and  the  number  of  mesenteries  and  tentacles  is  not  a  multiple 
of  six. 

Aoontia  appear  to  be  absent ;  but  peristomial  cinclides  are  said  to  be  present, 
allowing  of  the  emission  of  the  much  convoluted  mesenteric  filaments.  The 
colonies  are  generally  dioecious  ;  and  the  gonads  are  borne  upon  all  or  certain 
of  the  mesenteries.     Pores  at  the  apex  of  the  tentacles  seem  to  be  absent. 

Asexual  reproduction  by  budding,  or  by  fission,  is  always  present.  In  Fungia 
and  its  allies  there  is  formed  from  the  egg  a  fixed  nurse-stock,  which  has  the 
property  of  nipping  off  its  disc-shaped  apical  portion,  and  of  forming  in  its 
place  a  new  disc.  The  fixed  nurse-stock  is  a  typical  polyp  with  theca  and  septa, 
and  at  first  it  does  not  terminate  in  an  expanded  disc.  When  the  walls  of  the 
theca,  which  are  at  first  vertical,  have  widened  out  into  a  disc,  the  lower 
part  of  it  forms  a  stalk.  It  is  this  stalk  which  is  left  after  the  fission,  and 
which  produces  a  new  disc.  The  new  disc  is  not  a  bud,  but  is  a  product  of 
the  growth  of  the  structures  already  existing  in  the  base  of  its  predecessor 
(Lister,  Q,  J,  M,  S, ,  29).  It  is  not  certain  whether  the  Fungia  stock  increases 
by  budding. 

•  Martin  Duncan,  **A  Revision  of  the  Families  and  Genera  of  the  Sclero- 
dermic Zoantharia,"  Journal  of  the  Linnean  Society,  vol.  18,  1885.  H.  N. 
Moseley,  "Report  on  the  Corals,"  Challenger  Reports,  7,  1881.  G.  C.  Bourne, 
•* Anatomy  of  Mussa  and  Eunhyllia,"  etc.,  Q,J.M.S,,  27,  1887,  p.  21. 
G,  H.  Fowler,  *' Anatomy  of  tne  Madreporaria,*'  I.-V.,  Q.  J,  M.  S.,  vol.  25 
to  vol.  28.  V.  Koch,  *•  Ub.  d.  Verhiiltuiss  v.  Skelet  u.  Weichtheile  b.  d. 
Madreporen,'*  Aforph.  Jahrb.,  12,  1886.  M.  M.  Ogilvie,  ** Microscopic  and 
systematic  study  of  Madreporarian  types  of  Corals,'*  Phil.  Trans.,  187,  1896. 
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In  the  coloninl  forms,  fission  by  division  of  the  polyp*  into  two  may  occur 
(OculiJiae,  Astraea),  or  the  diviHion  may  bo  confined  to  the  oral  disc,  so  th«t 
K  complex  l>oIyp  is  fonned,  nitli  several  mouths  and  oesophignses  opening  inio 
a  common  cuelcnterou  {Maamdriiui,  Fig.  144).  In  many  caaea,  perhaps  the 
majority,  the  colony  is  increased  by  budding  from  the  extra-Uiecal  coenosuk. 

The  hard  structures  or  corallnm  follows  more  or  leas  closely  the  ahape  of 
the  l>olyp,  and  were  at  one  time  thought  to  b«  actually  coutaioed  in  the 
tissue  of  tlie  polyp.  Thej  consist  of  a  eup  or  theca,  from  which  the  polj-p 
projects  and  into  which  it  can  shrink,  and  in  some  forms  of  a  conuectiog 
substance,  which  may  or  may  not  lio  porous,  connecting  the  cups — this  is  the 
coeiienchyma.  The  cup  has,  projecting  inwards  from  its  walls,  a  number  of 
radiately  and   vertically  arranged   calcareous  plates,   whicli  suggest   calcified 


rouT).  teron :  m     F»  tery     n   <itl*  Uiecal  pontOD 

of  mesentery     Bp  btual  p  aXv     tp  ep  h«ca ; 
1%  thKi ,  csr  ullcobluU  (after  0.  C.  Boumr). 

The  hard  structures  or  corallnm  are  secreted  by,  and  on  the  outer  aide  of, 
the  «>todemi. 

The  first  part  of  the  skeleton  to  appear  {Aslroidea  catycularis)  is  an  annular 
basal  plate  [Fig.  153),  incomplete  at  first  in  its  central  part,  between  the  basal 
ectoderm  and  the  surface  to  which  the  young  polyp  is  attached.  Next  twelve 
radially  arranged  folds  of  the  basal  boily-wnll  rise  up  aud  project  into  the 
enteroii.  The  ectoderm  of  these  fohis  secrete  calcareous  deposits,  which 
consUtute  the  first  trace  of  the  septa  (Fig.  153).  The  folds  of  the  aepU 
differ  from  those  of  the  meaclitcries  (between  wijiob  they  are  placed)  in  being 
folds  of  the  whole  body-wall,  aud  not  of  the  cndodenn  alone. 

The  septa,  therefore,  arise  as  rod-shaped  stmetiires  in  continuity  with  the 
basal  ]>kte.  Tliey  increase  in  thickness  and  beight  as  the  polyp  grows,  and 
their  outer  ends,  wliich  do  not  re«ch  to  the  body-wall  of  tlic  polyp,  become 


MADRBPOKARIA. 


193 


rorkad.     The  theca  is  formed  by  the  junction  (complete  m  the  Aporoaa,  incorii' 
plete  in  the  Ponaa)  of  these  forked  extremities  of  the  septa. 

From  this  iccoimt  it  is  obvious  that  the  thecs  miut  not  ob\j  project  into 
the  cavit?  of  tlie  poljp  iu  eiactljr  the  same  way  as  do  the  septa,  and  divide 
it  into  an  extra-  and  intnt-theca!  portion  (Fig,  1G4),  but  also  must  divide 
the  mesenteries  in  a  similar  manner.  This  is  actually  found  to  occur  in  adult 
poljpa,  in  which  the  body-wall  projects  over  the  lip  of  the  calycle  and  lies 
on  the  outer  side  of  the  theca  {Fig.  154,  r). 

It  appears  that  when  the  polyps  of  a  colony  are  connected  by  soft  tissues 
(coenosark),  the  connection  is  elfected  liy  this  eitra-tliecal  portion  of  the  polyp, 
and  that  the  so-called  coensDchyme  or  hard  matter  filling  up  the  valleys  between 
acjjacent  polyps  is  secreted 
by  the  ectiidemi  on  the 
lower  side  of  this  connecting 
eaenaeark.  The  coenosark 
is  generally  broken  up  into 
canala  which,  in  the  Forota, 
communicate  with  the  coel- 
enteron  of  the  polypi  by 
apertnres  left  in  the  theca, 
and  may  in  some  cases,  at 
any  rate,  be  embedded  in 
the  superficial  layer  of  the 
kud  ooeneocbynia.  Tlie 
extn-thecal  coelenteron  is 
confined  to  tbe  upper  part 
of    the    thecae,     and    the 


arkal 


it  over  the  ooenencbyme 
(when  present)  may  or  may 
not  be  broken  up  by  coa- 
llDuations  of  the  mesen- 
iMies.  When  there  is  no 
eoenenchyme,  and  the  thecse 
are  isolated  from  one  another 
except  at  their  base,  tbs 
living  tissues  appear  to  have 
died  away  round  the  basal 
pirts  of  the  thecae, 

As  may  be  gathered  from 
the     last     statement,     the 
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polyps  ascend  as  the  thecae  grow  and  forsake  the  lower  older  parts  of  the  cup. 
In  their  ascent  the  ectodenn  of  their  basal  walls  secretes  calcareous  laminae, 
which  may  either  completely  occlnde  the  cup — as  the  labulae  of  Seriatojiora 
■ud  Padllopora,  or  merely  itretch  as  imperfect  pistes  between  the  septa  as  the 
soiled  diitepimenU. 

StftutpUeala  are  more  rod-like  calcareous  stnicturee  passing  from  septum  to 
wptum  through  the  mesenteries.  The  columtlla  (Fig.  IGS)  is  a  central  calcareous 
projectioD  into  the  theca  rising  up  from  the  basal  plate,  and  yoli  (Fig.  166)  are 
aoeessory  cohimellae  arranged  in  a  circle  round  the  central  columella,  and 
sometimes  joined  to  the  edges  of  the  septa  :  they  are  sometimes  looked  upon  an 
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proJMtions  ot  the  eepta.     Hie  emta^  are  vertical  ridgea  aloDg  tbe  outside  of  the 
theca  :  they  are  eitn-thecal  projections  ot  the  septa. 

ilie  aepta  may  be  confined  to  the  intmneaontemt 
Bpacet,  or  they  may  occar  in  the  intermesenUrial 
as  well.  They  are  generally  present  in  cycles  of 
different  sizes  like  tbe  TDCffinterieg,  but  the  number 
is  not  alwayi  a  multdple  oraix. 

The  fpUhtea  wben  prewnt  is  outuds  the  theca : 
it  ii  attached  to  the  edge  of  the  basal  plate  (Fig. 

W4). 

Section  1.    AponwA. 

Solitary  or  colonial  TormB.  Hard  parta  asoally 
solid  and  imperforate.  Tlieca  or  wall  aolid,  may 
he  epitliecate.  Septa  solid  near  the  wall,  and 
umtally,  but  not  invariably,  solid  at  the  further 
part.  Intersepta]  loculi  (i.«.,  tbe  chambers  between 
the  septa)  open  throughout,  or  cloeed  more  or  less 
by  endotheca  in  the  form  of  diaaepimenta  and 
tabulae. 

One  or  more  rows  of  tentacles  in  relation  to  the 
septa  and  interseptal  loculi.  The  disc  with  one  or 
more  mouthi ;  a  meaeiitery  usually  in  each  inter- 
septa] loculus.     Uesenteries  uaually  in   multiples 
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Fam.  1.  TDTbinolldM.  Corallnm  simple  (sotitery),  or  in  coloniea.  Gemma- 
tion from  the  wall  or  from  an  e)i:pansion  of  the  basal  stnicturea.  Wall  sohd. 
Septal  loculi  0]>eu  to  the  base.     Endotliecs  rarely  preseiit. 

(n)  Coralluiii  simple,  rarely  producing  deciduous  buds.  Smilatroeku*  Ed.  and 
H. ;  Ondiatrochus  Duncan ;  Deiinophyllum  Ehrb. ;  Sdtizocyathtu  Pourialet ; 
Flabellum  Lesson;  ^imlmchus  Ed.  and  H.;  Thyxatia  Dune;  Plaeolrodi/ia 
Ed.  and  H.;  S]Aeruitrockua  Ed.  and  H. ;  Ifalotrochtia  Dune;  PlacoeyiUhita  Ed. 
and  H. ;  Plat7jlToekv»  Ed.  and  H. ;  TuTbiimlin  Ed.  and  H. ;  StylocgoAaa  d'Orh. ; 
Conixyathtu  d'Orb. ;  BMytta  T.  Woods  ;  Tniimlotrodua  T.  Woods  :  TnAo- 
cyalkui  Ed.  and  H. ;  Dellocyathtu  Ed.  and  H. ;  Odonioettathta  Moseley; 
Caryophyilia  Lmk.  (Fig.  156);  CernlotToekut  Ed.  and  K. ;  DtKoq/athia  Ed. 
and  H. ;  Braehylnxhva  Duncan  ;  Sabinoirochtu  Dune. ;  StejAanotrodtua  Mosetey: 
AnChemiphyllia  Pourt, :  F\mgiaeyiti}iit>  Sars ;  Ouynia  Dune. ;  Dvncania  Fonrt ; 
Haplophyllia  Pourt 

(i)  Colonial ;  buds  free  above  their  origin  ;  no  exotheca  uniting  the  coralUtes. 
CetnocyaUata  Ed.  and  H.;  QemituitairiKhit  Dune. 

(c)  Colony  growing   from  basal  expansions;   exotheca  absent     Pelyq/athtu 

Fam.  2.  OenllnidM.  Colonial,  in  the  form  of  branches,  espaliers,  irregular 
ramilicBtionB  on  a  thick  stem  ;  or  massive,  or  iucrasting.  Interseptal  loculi 
usually  open  to  the  base,  but  dissepiments  or  tabulae  aometimea  occur.  Walls 
of  cnrallites  often  increasing  in  thicknvas  exogenoualy  with  age,  and  becoming 
a  solid  mass  by  union  with  otlien.  Solid  intercalicular  coenenchyma  usually 
present.  Polyps  when  expanded  rising  aliove  the  wall,  or  long  and  exsert,  the 
mouth  protruding ;  the  tentacles  10  to  48  or  more,  elongated,  tips  tuoally 
swollen  or  capitate. 

(a)  Uassivc  or  incrusting  colonies.      Coliunella  and  pali  absent,  or  a  false 
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oolnmella  may  be  present    Coenenchyma  well  developed  between  the  calices. 
Baryhelia,  Ed.  and  H. ;  Neohelia  Moseley  ;  Diblasus  Lonsdale. 

(6)  Dendroid  or  bunch-shaped  colonies.  Corallites  often  coalescing ;  gemma- 
tion alternate.  Columella  absent  or  rudimentary.  Tabulae  or  dissepiments 
present  or  not.  Lophohelia  Ed.  and  H.;  Amphihelia  Ed.  and  H.;  Acrohelia 
Ed.  and  H. 

(e)  Arborescent  or  tufted  colonies.  Gemmation  rarely  from  one  side  only. 
Columella  various.  Oeulina  Ed.  and  H. ;  CyeUhohelia  Ed.  and  H. ;  Trymohelia 
Ed.  and  H. ;  Sclerohelia  Ed.  and  H. ;  BcUhelia  Moseley. 

(d)  Branched  espalier-like  colonies.  Corallites  projecting  or  twisted.  Colu- 
mella styliform.  No  palL  Coenench3rma  well  developed.  Prohelia  E.  de  Fro. 
Jurassic  and  cretaceous. 

{e)  Arborescent,  palmate,  or  incrusting  colonies.  Septa  few,  unequal.  Colu- 
mella styliform.  Costae  short  or  absent.  Stylophora  Ed.  and  H. ;  Madraeis 
From. 

Fam.  8.  Poeilloporidae.  Colonial,  with  tabulae;  septa  small;  columella 
well  or  ill  develojied.  Inter-corallitc  structure  coenenchymal  and  solid.  Polyps 
with  disc,  tentacles,  and  one  pair  of  long  mesenterial  filaments.  Podllopora 
Lamarck ;  Seriaiopora  Lamk. 

Fam.  4.  Aatraeidae.  Solitary  or  colonial,  rarely  reproducing  by  deciduous 
buds.  Colonies  increase  by  gemmation  and  fissiparous  division.  Interseptal 
loculi  with  dissepimental  endotheca,  rarely  tabulae.  Soft  parts  resembling 
those  of  Turbinolidae  ;  the  long  serial  calices  have  several  mouths  in  the  limited 
disc  which  is  surrounded  by  tentacles.  Corallites  may  unite  by  their  walls, 
but  true  intermural  solid  coenenchyma  is  rarely  seen.  Includes  the  so-called 
brain  corals. 

Sub-fam.  1.  Aatraaidae  fimplioei.  Simple  solitary  forms.  Propagation 
rarely  by  deciduous  buds.  Pali  present  or  absent  Endotheca  always 
present,  but  variable  in  amount  LopJios^nUUi  Ed.  and  H. ;  Spheno- 
phyllia  Moseley;  Parasmiliii  Ed.  and  H.;  Dasmosmilia  P.;  Lithophyllia 
Ed.  and  H.;  AtUrosmilia  Duncan. 

Sub- fun.  2.  Aatraeidae  reptantei.  Colonies  composed  of  short  coral- 
lites, which  arise  by  genmiation  from  stolons  or  basal  expansions.  Cylicui 
Ed.  and  H. ;  Adrangia  Ed.  and  H. ;  Ulangia  Ed.  and  H. ;  Colanyia  Pourt. 
Sub-fam.  3.  Aitraeidae  gemmantei .  Colonies  increasing  by  gemmation 
from  the  wall  below  the  calicular  margin.  Endotheca  dissepimental. 
Cladocora  Ed.  and  H. ;  Pourtalosmilia  Duncan. 

Sub-fam.  4.  Aitraeidae  caespitosae.  Corallites  isolated  terminally, 
being  free  at  their  sides,  springing  from  a  common  parent ;  increasing 
by  iissiparity,  separation  occurring  rapidly  or  serial  gro\\i;h  persisting. 
Gemmation  rare.  Eusmilia  Ed.  and  H.;  Solenosmilia  Dune;  Dasyphyllia 
Ed.  and  H. ;  Dendrocora  Dune  ;  Trachyphyllia  Ed.  and  H. ;  Mtcssa  Oken. 
Sub-fam.  5.  Aitraeidae  oonfluentei.  Increase  by  fissiparity,  with 
excess  of  serial  growth.  Gemmation  may  occur.  Corallites  united  by 
their  walls,  costae,  or  by  intermediate  tissue,  or  free.  Euphyllia  Ed. 
and  H. ;  Dendrogyra  Ehrbg. ;  Fedinia  Oken ;  Diploria  Ed.  and  H. ; 
Manieina  Ehrb. ;  Maeandrina  Ed.  and  H. ;  Codoria  Ed.  and  H. ;  Leptoria 
Ed.  and  H.;  Symphyllia  Ed.  and  H. ;  Mycetophyllia  Ed.  and  H. ;  Ulophyllia 
Ed.  and  H. ;  TrUlacophyllia  Blainv. ;  Colpophyllia  Ed.  and  H. ;  Satpo- 
phyllia  Ed.  and  H. ;  Plerogyra  Ed.  and  H. ;  Physogyra  Quelch ;  Hydiwphora 
Ed.  and  H. 
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Sub-fani.  6.  Aitraeidae  agglomeratae  fissipanuitef.  Colonies  massive 
or  incnisting.  Oorallites  increasing  by  fissiparity,  and  sometimes  also  by 
gemmation  ;  united  by  costae  or  coenenchyma ;  not  forming  long  series. 
Dichocoenia  Ed.  and  H.;  Favia  Oken  ;  Goniastraea  Ed.  and  H. 

Sub-fam.  7.  Aitraeidae  agglomeratae  gemmantet.  ^lassive  and  foliaceous 
colonies.  Colonies  increasing  by  gemmation  from  the  wall  from  within  the 
calice,  or  from  intercorallite  tissue.  Corallites  joined  by  costae,  exotheca, 
or  perithcca,  or  fused  by  their  walls.  Endotheca  vesicular,  rarely  tabulate. 
Hefiastraea  Ed.  and  H.;  Phymasiraea  Ed.  and  H.;  Solciuutraea  Ed.  and 
H. ;  PUsuisinua  Ed.  and  H.;  Echinopora  Dana;  Galaxea  Oken ;  Aean- 
thopora  Verrill ;  Lepttistraea  Ed.  and  H. ;  AcaiUhastraea  Ed.  and  H.; 
Astrocoenia  Ed.  and  II.;  Pi'ionasiraea  Ed.  and  H. ;  MertUina  Ehrbg.; 
MoacUya  Quelch. 

Section  2.     Fungida. 

Solitary  or  colonial  forms.  Septa  and  sej>to-co8tae  with  S3mapticula,  which 
cross  the  interseptal  and  intercostal  loculi.  An  endotheca  is  present  or  absent. 
Basal  structures  i>erforatc  or  imiwrforate.  Soft  stnictures  with  short,  lobe-like, 
scattered,  sometimes  obsolete  tentacles,  not  covered  when  contracted ;  discs  not 
circumscribed,  and  in  colonial  fonns  conHuent. 

Fam.  1.  Flesiofangidae.  Transitional  between  the  Aporosa  and  Fungida. 
Simple  or  colonial,  with  synapticula  in  the  interseptal  loculi,  besides  endothecal 
dissepiments.  Septa  solid  and  imperforate,  occasionally  perforate  and  trabeculate. 
Epistreptophylhun  Milaschewitsch  ;  Siderastraca  Blainv. ;  Polyarata  Fritsch. 

Fam.  2.  Fungidae.  Simple  or  colonial,  usually  depressed  :  septa  solid  or 
jwrous.  With  synapticula,  without  dissepimental  endotheca ;  tentacles  short ; 
scattered,  sometimes  absent.  AVall  perforated  and  echinulate.  Fungia  Dana ; 
IHn/ungia  Duncan,  both  solitary.  The  following  are  colonial :  HaUnnilra  Dana ; 
Sandalolitha  Quelch  ;  Cryptabacia  Ed.  and  H. ;  HerpolUha  Elsch. ;  Polyphyllia 
Q.  and  G. ;  Lithactinia  Lesson  ;  Zoopibia  Dana. 

Fam.  3.  Loplioseridae.  Wall  neither  x>erforated  nor  echinulated.  Simple 
fonns.  Trochoseris  Ed.  and  H. ;  ('ydoseris  Ed.  and  H.;  Diaseris  Ed.  and  H.; 
Bathyactis  Moscley ;  Psammoscris  Ed.  and  H. ;  Siephanoscris  Ed.  and  H. 
Colonial  forms :  Cyathosei'is  Ed.  and  H. ;  Lophoseris  Ed.  and  H. ;  ffaloteris 
Ed.  and  H.;  Tichoseris  Quelch  ;  Mycedium  Oken.;  Phyllcutraea  Dana  ;  Trachy- 
pora  Verrill ;  Leptoseris  Ed.  and  H. ;  Stephanaria  Verrill ;  Agarieia  Lamck. ; 
Pfcsioseris  Duncan;  Psammocora  Dana;  Pachyseris  Ed.  and  H.;  Coscinaraen 
Ed.  and  H. 

Fam.  4.  Anabaoiadae.  Simple  or  colonial,  septa  tral)eculate  and  fenestrated. 
Synapticula  small.     Dissepiments  absent     W^all  indistinct.     Anabacia  d'Orb. 

Fam.  5.  Flesioporitidae.  Transitional  group  with  regularly  perforate  septa. 
Meandroscria  Rouss. 

Section  3.     Ferforata. 

Corallum  entirely  or  almost  entirely  composed  of  porous  or  reticulate  coenen- 
cliyma.  Dissepiments  and  tabulae  may  be  present  or  absent.  Septa  solid  or 
much  perforated,  or  represented  by  tiabeculae  only. 

Fam.  1.  Eupsammidae.  Simple  or  colonial.  Walls  with  costae  and  apertures 
in  the  intercostal  spaces.  Calicos  well  developed.  Increase  by  gemmation  and 
fission.  StephfinophyUm  Michelin. ;  Lrplopenics  Moscley,  deep-water,  southeni 
hemisphere;  Balanophyllia  S.  Wood;  Tliccopsammia  Pourt.;  Eupsammia  Ed. 
and  H. ;  Hetcrapsammia  Ed.  and  H.;  Dcndrophyllia  Ed.  and  H.;  Pachypsammia 
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Verrill ;  Ltptopeaminia  Ed.  and  H. ;  Endopmmmia  Ed.  and  H. ;  Asiroida  Blainv. 
y\gfl6b)\  lMbi^nmmia'M.a.ni\.'il.\  Iihadopiiimmxa^-a\\>ei  \  lihivipaammia'Vtrt. 

Fam.  2.  XkdreporidtM.  Colouial,  uriaing  by  gEinmation  from  the  sides  of 
the  parent  polyp :  coenencbym*  more  or  lc?a9  Hbundant,  spongy  and  reticulate, 
slightly  or  not  distinct  from  the  porous  coral  lite- walls.  Madri-pora  L.;  TurW- 
naria  OkcD  ;  Adraeepora  BIsinv. ;  Hoiilipora  (J.  and  G, ;  AiuicTopora  Bidley. 

Fam.  3.  ForitidtM.  Sclerenchyma  reticulute  and  perforate.  Septa  never 
completelj  Umellarj.  Walla  very  porose.  Corallites  incre»aicg  bj  gemmation, 
and  anited  directly  or  by  intervening  porous  Bclerenchjma.  I'in-ila  Ed.  and 
H.;  Synamea  Verr.;  Ifapopom  Quelch  ;  EkoiiiiTaea  Ed.  and  H.;  Alveojiora 
Q.  and  G. ;  Ditkorata  T.  Woods. 

Sub-phylom  U    CTENOFHOSA.'' 

Free-emmminij,  tnmeparent  pelaijic  coelen- 
teraia,  iciih  eight  meridional  roirs  of  vihrniUe 
l^aiea  formed  of  ftuied  eilia.  They  poetess 
an  oesophageal  tube—ralleiJ  the  stomaeh — 
lined  by  ectoderm,  ami  a  gagirovasiiilar 
eanal  gystem.  Nemaloet/s/s  are  almoni 
alteaye  abfient. 

The  fundamental  form  of  the  Cfenojihora 
is  a  gelatinous,  spherical,  or  ovoid  bodj', 
which  swiiuB  in  the  sea  by  the  activity  of 
its  ciliated  plates.  It  has  two  poles — the 
oral  pole  marked  by  tlie  mouth,  and  the 
aboral  pole  marked  by  the  sense  organ. 
The  line  connecting  these  two  poles  is  tlie 
main  axis,  and  in  describing  the  structure 
of  the  body  it  is  important  to  recognise  two 
planes  which  pass  through  this  axis  at  right 
angles  to  one  another.  The  mouth  leads 
into  a  tube  called  the  elomach  (sometimes 
called  oesophagus  or  stomodaeum,  because 
it  is  lined  by  ectoderm),  and  the  atjjniach 
opens  into  the  central  part  of  the  gastro- 
vascular  apparatus  caUed  the  funnel  (infim- 
dihulum).  The  stomacli  is  furnished  with 
tvo  hepatic  bands.  Both  stomach  and 
funnel  are  flattened  sacs,  and  both  lie  in 
the  main  axis — the  funnel  of  course  alwve 
the  stomach — but  witli  their  long  diameters 


198 


COELENTERATA. 


in  different  planes.  Tlie  long  diameter  of  the  stomach  lies  in  one 
of  the  two  planes  mentioned  above,  while  that  of  the  funnel  lies 
in  the  other  plane,  which  is  at  right  angles  to  the  first.  These 
two  planes  are  called  the  stomach-plane*  (Fig.  158,  M,  3f.)  and 
Amnel-plane  (T,  T,)  resjiectively. 

The  stomach-plane  divides  the  body  into  a  right  and  left  half; 
but  it  is  impossible  to  sjKjak  of  the  two  parts  of  the  body  marked  off 
by  the  funnel-plane  as  dorsal  and  ventral,  or  as  anterior  and  posterior, 
as  is  done  by  some  authors,  because  these  two  parts  are  identical  and 


""^cadr. 


Fio.  158.~Diagrain  of  a  Cydippe  seen  tcoui  the  aboral  pole  (after  Chun).  M-M  gtoniach 
(sagittal)  plane ;  T-T  fbnnel  (transverse)  plane ;  ri  to  rS  the  eight  rows  of  vibntile  plates ; 
p  polar  plates ;  ni  to  n<*  the  eight  ciliated  grooves ;  t.b  base  of  tentacle ;  tM  stalk  of  tentade ; 
tt  branch  of  tentacle ;  $ch  sheath  of  tentacle ;  ath.o  opening  of  tentacle-sheath ;  c.pr  per- 
radial  vessel ;  c.ir  intermdial  vessel ;  e.adr  adradial  vessel ;  »p^  to  spfi  the  sperm  producing, 
ovi  to  ov^  tiie  ova-producing  sides  of  the  eight  meridional  vessels;  t.g  tentacle  Tessel; 
exl  and  ea^  the  two  aboral  openings  of  the  gastrovattcular  system. 


not  distinguishable  from  one  another  by  any  differential  character. 
The  tentacles  when  present  are  two  in  number :  they  arise  from  the 
sides  of  the  body  in  the  funnel-plane  (Fig.  158,  T,  T),  Further,  we 
may  speak  of  two  transverse  axes — a  stomachal  axis  passing  tlirough 
the  long  diameter  of  the  stomach,  and  a  funnel  axis  passing  through 
the  long  diameter  of  the  funnel. 

The  body  (Fig.   157)  carries  eight  meridional  rows  of  vibratile 

*  The  plane  of  the  stomacli  is  sometimes  called  the  sagittal  plane,  and  that  of 
the  funnel  the  transverse  plane. 
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plates — ^the  ribs.  These  rows  begin  close  to  the  aboral  pole,  and 
pass  in  the  meridians  of  the  animal  towards  the  oral  pole.  Four 
of  these  rows  lie  in  one  half  of  the  body,  and  four  in  the  other. 
Further  it  is  to  be  noted,  that  of  these  eight  rows  we  may  distinguish 
those  which  lie  on  each  side  of  the  tentacle  (or  funnel-plane) — these 
are  the  sub-tentacular  rows* — and  those  which  lie  on  each  side  of 
the  stomach-plane,  which  we  may  call  the  sub-stomachal  f  rows 
(Fig.  158).  There  are  therefore  four  sub-tentacular  rows  and  four 
sub-stomachal  rows  of  meridional  plates. 

The  central  nervous  system  and  sense  organ  are  placed  at  the  aboral 
pole  (Fig.  159).  It  has  the  form  of  a  flat  depression  formed  of 
ciliated  sensory  ectoderm,  and  covered  over  by  a  bell-shaped  structure 
(the  bell)  formed  of  fused  cilia  (gl).  Some  of  the  cilia  of  the  sensory 
area  are  very  long  and  fused  together  to  form  four  large  triangular 
plates.  These  are  the  spriTUjs  (/).  Their  tips  are  attached  to,  and 
carry  a  small  mass  of  otoliths  {ot\  which  is  placed  over  the  centre 
of  the  sensory  area.  The  sensory  plate  is  drawn  out  in  the  stomach 
plane  into  two  lobes — the  polar  plates  (Fig.  158,  ^?).  Beginning  at 
the  base  of  each  of  the  four  springs,  or  otolith-bearers,  is  a  ciliated 
groove  (pl)y  which,  passing  outward  through  a  hole  in  the  bell-like 
cover,  divides  into  two  grooves  (n^"®).  These  are  continuous  with  the 
aboral  ends  of  two  rows  of  vibratile  plates,  and  are  sometimes  called 
nerves  because  they  seem  to  transmit  any  movement  of  the  otolith- 
bearer  to  the  row  of  vibratile  plates,  and  so  set  the  latter  in  motion. 
The  movement  of  the  vibratile  plates  begins  at  the  aboral  pole  and 
passes  oralwards,  each  plate  successively  bending  energetically 
towards  the  aboral  pole,  and  then  slowly  regaining  its  original  posi- 
tion. The  movement  of  the  animal  is  thus  with  the  oral  end 
forwards. 

The  vibratile  plates  have  the  appearance  of  consisting  of  long  cilia 
fused  together  at  their  bases.  They  arise  from  specially  long  ectoderm 
cells. 

The  gastro vascular  apparatus  (Fig.  158)  consists  of  a  central  space, 
the  funnel,  which  gives  off"  two  vessels — the  perradial  vessels  {cpr) ; 
these  pass  outwards  in  the  funnel-plane  in  opposite  directions  and 
divide  dichotomously  into  the  interradidl  vessels  (cAr\  of  which 
there  are  four.  These  again  divide,  and  give  rise  to  eight  adradial 
vessels  {c,adr\  which  enter  the  mervlional  vessels.  The  meridional 
vessels  underlie  the  rows  of  vibratile  plates  and  end  blindly  above 

*  Sometimes  called  sub-transversaL 

t  Sometimes  called  sub-sagittal  and  sub-ventral. 
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Fia.  IM.— S«nK  orguiB  ud  ndjkcent  oiKdiB,  I  af  Catiu  zuierit  In  ilda  view  (fraa  Uw  ■!> 
pluie)  X 100,  II  or  Kui-haris  multieoniit  tntm  abova  x  ISG  (After  ChuD).  n  uuu  orgui ; 
^bsU:/Uir  rtmr  spilngt;  altfi))"  tht  light  cillkted  groovea  with  UiFi[ciltiiFi,iBd  their 
plute-lilip  eipwiBlong  *t  the  bue  or  thf  iprins)  jil  and  fjf' ;  it  granulei ;  of  otolltlu:  o|i  oiolltba 
in  proceu  af  rornutjun ;  p  ei1g«  of  polar  p1at« ;  )>/iiiidill6  part  of  polAT  plnl«  (poUr  fteld)  I 

MH  (in  1}  loo^lCoiliDil  iiiiuclea  of  tha  ftiiiiial-v«8se]i ;  v  funneL^veuel ;  gff  bnnohing  of  jl 
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and  below.  The  perradial  vessels  give  rise,  close  to  their  origin, 
to  the  paragastric  canals,  which  run  oralwards  on  each  side  of  the 
stomach  (Fig.  157).  They  end  blindly,  and  are  absent  only  in  one 
genus  {Euchlora),  The  tentacular  vessels  are  direct  continuations 
of  the  perradial  vessels  (Fig.  158,  ttj).  The  funnel  is  continue4l 
upwards  as  the  funnel-vessel,  which  divides  l)eneath  the  sense- 
organ  into  two  limbs,  each  of  which  again  divides  into  two  ampullae, 
one  situated  in  each  quadrant  of  the  body.  Two  of  these  ampullae 
(and  two  wliich  lie  in  diagonally  opposite  quadrants)  open  to  the 
exterior  by  small  pores  placed  just  outside  the  sensory  plate 
(Fig.  159  I,  ftr). 

There  are  two  extensile  tentacles  (Fig.  157)  in  the  funnel-plane. 
They  consist  of  a  stout  base  contained  in  a  depression  of  the  body- 
wall,  which  constitutes  the  tentacular  sheath  and  into  which  the 
tentacle  can  be  withdrawn.  The  tentacle  vessel  is  not  prolonged 
along  the  tentacle,  but  ends  in  two  ampullae  at  its  Imse.  The  tentacles 
carry  a  row  of  branches  which  are  provided  with  the  peculiar  adhesive 
cells  (Fig.  161). 

The  muscular  tissue  is  feebly  developed.  It  has  the  form  of  fibres, 
lying  in  the  jelly  and  branched  at  both  ends. 

There  is  a  sub-epithelial  nervous  plexus  with  scattered  ganglion 
cells.  It  extends  on  to  the  stomach,  but  i^o  connection  has  been 
observed  between  it  and  the  sense-organ  and  ciliated  grooves  and 
ribs. 

The  description  given  above  applies  to  one  group  of  the  Cfenophora^ 
the  Cydippida€y  the  structure  of  which  may  be  taken  as  typical. 
There  are,  Ijesides,  the  Cestulaey  the  LoJtatae,  and  the  Beroulae, 

The  Cyciippulae  include,  ]>esides  the  spherical  form  just  described, 
forms  in  which  the  main  axis  is  elongated  (cylindrical  Pleuro- 
brachteulae),  and  forms  in  which  the  lx)dy  is  compressed  in  the  stomach- 
plane,  i.e.,  the  stomach-axis  is  much  reduced  {EwJiJora,  CaUianira). 
In  CaUianira  (Fig.  165)  there  are  two  wing-like  processes  of  the 
aboral  end  of  the  body;  they  lie  in  the  funnel-plane,  and  the 
meridional  vessels  are  prolonged  into  them.  In  EiLchlara  the  sul>- 
tentacular  ribs  are  longer  than  the  sub-stomachal. 

The  larvae  of  the  Cestulae  and  Lohatae  closely  resemble  the  above 
described  typical  form  (particularly  the  Merfennfl  variety  of  it)  and 
acquire  the  adult  condition  by  a  complicated  metamorphosis  (see 
below). 

The  Cetstidae  are  riblx)n-shaped  (Fig.  160),  and  the  body  is 
enormously  elongated   in  the  stomach-plane  and  much  compressed 
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in  the  funnel-plane  {cf.  Fig.  158);  t.e.,  the  stomach-axis  of  the  body 
is  very  long,  and  the  funnel-axis  very  short  Further,  the  sub- 
tentacular  ribs  (/-^j  ;•*,  7*^,  ?'^)  are  very  short,  and  reduced  to  a  few 
plates  at  the  alwral  pole,  while  the  sub-stomachal  ril)s  (r^,  r*,  ?'*,  r) 
extend  close  together  along  the  whole  length  of  each  side  of  the 
al)oral  surface  of  the  body. 

The  perradial  vessels  are  absent,  as  the  four  interradial  vessels 
arise  directly  from  the  funnel  (in  correspondence  with  the  compression 
of  the  body).  The  sub-stomachal  meridional  vessels  run  horizontally 
beneath  the  long  ril)s  to  the  ends  of  the  body,  while  the  sub-tentacular 
([7^  f/*,  f/^,  (/)  pass  along  the  middle  of  each  side  of  the  body,  also 
to  the  extremity,  where  they  are  connected  with  the  sub-stomachal 
vessels  (j^\  and  with  the  paragastric  vessels  which  are  continued 
along  the  flattened  oral  surface  of  the  body.  In  the  Cestulas  generative 
cells  are  only  produced  in  the  sub-stomachal  meridional  vessels. 

The  tentacular  apparatus  is  hidden  in  a  sheath.  There  is  no 
projecting  tentacle,  but  a  very  large  tentacle  base  which  is  in 
the  sheath.  Each  tentacle-sheath  is  continued  right  and  left  as 
a  furrow,  which  extends  along  its  own  side  of  the  oral  edge  of 
the  lx>dy  to  the  extremity.  The  numerous  lateral  fibres  which  arise 
from  the  tentacle  base  lie  in  these  tentacular  furrows  and  hang  down 
from  them  all  along  like  a  fringe  (Fig.  160),  being  held  in  the 
tentacular  furrows  by  hooka. 

In  the  Lofxifae  the  body  is  compressed  in  the  same  way,  but  not 
to  the  same  extent  as  in  the  Cemfidae,  i,e,  the  funnel  axis  is  shortened. 
There  are  two  large  buccal  lobes,  one  on  each  side  of  the  mouth  in 
the  stomach-plane.  The  sub-tentacular  ribs  are  shorter  than  the  sub- 
stomachal,  and  at  their  oral  ends  arise  the  four  auricles.  The  auricles 
are  processes  of  the  body,  and  each  carries  one  row  of  vibratile  plates. 
The  sense-oi^n  lies  in  a  deep  pit  at  the  abond  pole,  and  the  ciliated 
furrows  (the  so-called  nerves),  which  pass  from  it,  extend  all  along 
the  ribs.  The  interradial  vessels  arise  directly  from  the  funnel,  and 
the  sub-tentacular  vessels  anastomose  with  the  paragastric  vessels  at 
the  Imse  of  the  auricle.  From  the  point  of  junction  there  arises  a 
vessel  which  forms  a  loop  in  the  lobes  and  anastomoses  with  its  fellow 
of  the  neighbouring  quadrant  The  sub-stomachal  vessels  also  fonu 
loops  and  anastomose  in  the  oral  lobes. 

The  Beroidae  are  without  any  tentacular  apparatus  in  both  larvae 
and  adults.  The  body  is  compressed  in  the  funnel-plane,  and  the 
main  axis  is  elongated.  The  mouth  and  stomach  are  enormous,  and 
the  lower  third  of  the  stomach-wall  is  closely  beset  with  sabre-like 
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hooka  for  the  retention  of   food.     Tlio  hepatic  l>ands  are  absent. 

The  edges  of  the  polar  platea  of  the  aense-organ  are  dendritieally 
bmnched.  The  interradial  vessels  and  the 
ampullae  spring  directly  from  the  fnimei. 
Tlie  musculature  is  well  developed,  and  the 
meridional  and  paragastric  vessels  give  nu- 
merous branches  which  anastomose. 

Thread-cells  are  almost  universally  absent; 
but  tlie  ectoderm  of  the  tentacles  contains 
peculiar  "  wUieeive  cells,"  the  base  of  which 
is  prolonged  into  a  spirally  coiled  thread 
(Fig.  161),  while  the  convex  free  end  is  soft 
and  glutinous  and  Itecomes  readily  attached 
to  any  object  which  touches  it.  Thread-cells 
are  found  in  the  ectoderm  of  EwAlom  alone, 
the  tentacles  of  which  are  characterized  by 
the  aljsence  of  adhesive  cells  and  the  presence 
Biimcntaof  iiiei*iitMif  of  „£  aniceboid  ectodermal  prominences. 
R.  HertvittX    k/'  proiuu-  Tlie  ucrvous  system  and  sense-organs  have 

g«tion  »(  th.  coiitmctii-      nlready  been  describe«:l  (p.  199). 

Tlic   Cteiiophora  are   hermaphrodite,  and 

Kexual  rejttoduction  alone  is  known.     The  generative  cells  arise  on 

the  walls  of  the  meridional   vessel,  or  of  diverticula  of  the  sane. 

Sometimes    they    are    localized 

(Cesftm);  sometiuies  they  arise 

along  the  wltole  length  of  the 

canals,  one  side  being  beset  by 

ogg-foUicles,  the  other  hy  sperm- 
sacs.       Ova    and    spermatozoa 

when  ri]>e  pass  into  the  gastro- 

vascular  space,  and  arc  ejected 

through   the  a]«rtures  of    the 

Tlie  ffsrly  development  takes  place 
witliin  the  egg-meinbranes.  The 
HeglDeutatioD  ia  (.-om])Icte.  A  cap  of 
Biii>11  cctodi-nn  cells  U  soon  farmed 
(Fig.  163),  which  grow  round  the  w«lls  («rter  wniX 
larjter  eiidodcnu   cells ;    but  before 

this  <>ver)^wlli  is  conipletvd  a  number  of  cells  sre  Bejurated  from  the  lower 
riida  of  till'  large  euUodenii  culla,  anil  constitute  an  embryonic  mtiodenn  (Fig. 
163,  5,  Ms)   (Metacbnikofl).     The  mesoderm  gives  rise  to  the  protoplasmic 
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DetiTork  (waadering  cells)  of  tlie  jelly.  The  luoutli  is  a  new  formation,  and 
the  atomodaetim  (Btomach)  arises  as  au  invagination  or  ectoderm  ■!  the  lower 
pole  (Fig.  183,  7,  S,  9). 

Tlie  larva  when  hatched  diSera  more  or  less  from  the  seiinally  mature  aninial 
ia  the  aiinjiler  aud  usually  more  splierioal  forai  of  the  body,  in  the  amall  rize  of 
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the  tentacles  and  swimming  platm,  and  in  the  difference  in  the  relative  sizoof  tlie 
oesophageal  tnbe,  infundibulum,  and  vascular  canals.  The  diflVreaces,  putting 
Ceitu3  OQ  one  aide,  are  most  striking  in  the  lobed  CItnophora,  the  enibryoa  of 
which  have  a  great  similarity  to  the  young  of  Cydippe.     It  is  only  after  a  longer 
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period  of  lorral  life  that  th«  complete!;  matare  form  ii  attained  b;  the  unequal 
growth  of  the  swimminft  plates  and  their  canals,  the  outgrowth  of  the  tentacle- 
like procewea,  and  the  formation  of  two  lobe-like  projections  round  the  month 
from  those  halves  of  the  bod;  which  correapoud  to  tbe  longer  rows  of  ■wimminK 
plates.  The  Lobalae  present  a  peculiar  phenomenon,  which  has  been  called  bj 
Chun,  dliMgony.  The  Cydippe-like  larva  develops  seiual  cells  on  its  four  sub- 
stomach  vessels,  and  becomes  sezusllj  mature  during  the  hot  period  of  the  year. 
The  eggs  are  fertilised  and  develop  normally  into  larvae  smaller  than  those 
produced  from  adulU.  After  the  sexual  activit;  has  continucci  for  some  days, 
the  larva  loses  its  generative  organs,  undergoes  a  complicated  metamorphosis,  and 
develops  into  the  adult,  with  generative  organs  in  all  of  its  eight  nieridional 
vessels.  Tbe  phenomenon  of  diasogonj  is  therefore  characterised  by  the  fact 
that  seiual  maturity  occurs  twice  in  the  Rame  individual,  and  that  the  two 
sexual  periods  are  separated  by  a  sterile  period  in  which  there  are  no  geneiative 
cells,  and  in  which  a  complicated  metamorphosis  occurs. 


m  bkMa  (iftar  Cbnn). 


The  Ctenophom  live  in  tlie  warmer  seas,  and,  under  favourable 
conditions,  often  appear  in  great  quantities  at  the  surface.  Thej 
feed  on'marine  atiiniiJa  of  various  size,  which  tliey  capture  with  their 
tentacles.  Many,  aa  the  DeroUlae,  which  do  not  possess  tentacles, 
are  compensated  for  this  deficiency  by  the  possession  of  an  unusually 
large  mouth  (Fig.  164),  by  means  of  which  they  are  able  to  receive 
relatively  large  bodies,  even  fishes,  into  the  wide  oesophageal  tube, 
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and  to  digest  them.     Although  the  average  size  is  small,  some  of 
them,  as  Cegfus,  Eueharis^  reach  the  length  of  a  foot. 

Order  1.     Tentaculata. 
Ctenophora  with  tentacles. 

Section  1.    Cydippidae. 

Spherical  or  eylindrieal  Ctenophora^  with  two  simple  or  pimiate  tentacles, 
retractile  into  a  sheath.     The  meridional  and  paragastric  vessels  end  blindly, 

Fam.  1.  Mertentidae.  Body  compressed  in  the  stomachal-plane;  sub- 
tentacular  ribs  longer  than  the  sub-stomachal.  No  wing-like  appendages  at 
the  sensory  pole.  Euchlora  Chun  {HaeckelUi  Car.  and  Gerst.,  Owenia  Kiill., 
Mertensia  Geg.) ;  Charistephane  Chun. 

Fam.  2.  Callianiridae.  Body  compressed  in  the  stomach -plane :  sub- 
tcntacnlar  ribs  longer  than  the  sub-stomachal.  Wing-like  appendages  at  the 
sensory  pole.     Callianira  P^ron  (Fig.  165). 

Fam.  8.  Fleorobraohiadae.  Body  rouud  in  section.  Sub-tentacular  and 
sub-stomsu!hal  ribs  equal  in  length.  Hormiphora  L.  Ag.  {Cydippe  Geg.); 
Pleurobrachia  Fleming ;  Lampetia  Chun  ;  Euplokamis  Chun. 

Section  2.    Lobatae. 

Body  lateraily  compressed ;  stOTnach-axis  longer  than  tlu  funnel-axis.  With 
two  lateral  lobes  in  the  oral  region^  and  four  auricles.  Lateral  tentacles  lie  in 
a  tentacular  furrow  ;  tentacle-sheath  absent. 

The  auricles  arc  provided  with  swimming  plates,  and  are  placed  at  the  end 
of  the  sub-tentacular  ribs.  The  central  nervous  system  is  sunk  in  a  pit.  The 
stomachal  ribs  are  longer  than  the  sub-tentacular.  Mouth-opening  wide,  and 
extending  into  a  buccal  furrow  reaching  to  the  base  of  the  lobes.  The  four 
iuterradial  vessels  arise  direct  from  the  fimuel.  The  meridional  vessels  are  con- 
tinued on  to  the  lobes  in  a  sinuous  course,  and  anastomose.  The  larvae  are 
Mertetisia-MVe  forms  which,  in  Eucharis,  become  sexually  mature,  and  reproduce 
themselves. 

Fam.  1.  Leiaenridae.  Lobes  and  lobe- windings  of  vessels  rudimentary. 
Auricles  long  and  ribbon-shaped.     Lesueuria  M.-Edw. 

Fam.  2.  Bolixudae.  Lobes  of  medium  size.  Lobe-windings  of  vessels  simple. 
Adradial  vessels  pass  directly  into  the  aboral  ends  of  the  meridional  vessels. 
Auricles  short.     Bolina  Mertens ;  Bolinopsis  L.  Ag. ;  Hapalia  Esch. 

Fam.  3.  Deiiopeidae.  Body  strongly  compressed.  Lobes  of  medium  size. 
Windings  of  lobe-vessels  more  complicated  than  in  the  Bolinidae.  Auricle  short. 
Ribs  consist  of  few  but  enoirmous  plates.  Sub- tentacular  vessels  possess  short 
alioral  blind  processes.     Delopea  Chun. 

Fam.  4.  >  Eorhamphaeidae.  Two  alifonu  processes  in  the  tentacular-plane  at 
the  aboral  pole,  on  which  the  sub-tentacular  ribs  are  continued.  Eurhamphaea 
Gegenb. 

Fam.  5.  Euoharidae.  Lobes  of  considerable  size,  with  complicated  vessel- 
windings.  Auricles  vermiform.  Body  beset  with  x>apillAC.  Aboral  blind  ends 
of  sub-tentacular  vessels  long.  A  long  main  tentacular  fibre  as  well  as  the 
lateral  tentacular  fibres.     Eiicharis  Esch. 

Fam.  6.  Xnemiidae.  Lobes  very  large.  Origin  of  auricles  and  lobes  place<i 
almost  at  the  same  height  as  the  funnel.  Auricles  long  and  ribbon -sha])cd. 
Mnemia  Esch. ;  Alcinoe  Rang  ;  Mnemiopsis  L.  Ag. 
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Fam.  7.  Calynunidae.  Bcxly  strongly  coinpi-eased.  The  great  lobes  arise 
almost  at  tlie  lieight  of  the  funuel.     Ribs  nearly  horizontal.     CaJymma  Esoh. 

Fam.  8.  Ocyroidae.  Lobes  enormous,  almost  independent  of  the  body. 
Ocyro^  Rang. 

Section  3.     Coftidae. 

Body  much  cinnpressed  in  the/unnel-plaiiey  i.e.,  with  the  hroad  faces  parallel  to^ 
the  stomach -pla)ie. 

The  sub-tentacular  ribs  much  shorter  than  the  sub>stomsu!hal,  which  extend 
all  along  the  aboral  edges  of  the  body.  The  interradial  vessels  arise  direct  from 
the  funnel.  Tlie  sub-tentacular  vessels  run  along  the  middle  of  the  band  to 
unite  at  the  ends  of  the  l)ody  \rith  the  long  sub-stomachal  and  i)aragastnc 
vessels.  Gonads  in  the  sub-stomachal  vessels  only.  The  larvae  are  Mertensia- 
like  forms. 

Fam.  Cestidae.     CestiisLca. ;  Vexillum  Fol. 

Order  2.     Noxtbxtaculata. 
Witliout  teiiiacJes, 

Fam.  Berdidae.  With  large  mouth  and  stomach.  Body  conical  or  oviform, 
compressed  in  the  funnel -plane.  The  vessels  give  off  branches  which  anastomose 
in  the  jelly.     Bero^  Brown. 

Cteiwplaua*  KorotneS  {Z.  f.  w.  Z.,  43,  1886)  and  Coehplnna  Kowalewsky 
{Nachrkhten  der  LirhhAiber  der  Nntnrwiss.,  1882,  Russian)  should  probably  be 
included  amongst  the  Ctenophora. 

Pemmatodiscus  Moiiticelli,t  a  gastrula-like  fomi  living  iu  tlie  jelly 
of  Rhizostoma^  may  l)e  mentioned  amongst  the  Coelente rates. 

•  A.  Willey,  "On  Ctenoi)lana,"  Q.  J.  M.  ,V.,  vol.  39,  p.  823. 
t  Monticclli,  Naples  MiUh.,  12,  1897. 


CHAPTER  V. 

Phylum  PLATYHELMINTHES. 

Venniforiii,  bilateral,  viore  or  less  elongated,  and  tisually  dorso- 
ventrally  flattened  animals,  mth  an  anteriorly-j)laced  central  nervous 
mass  {cerebral  ganglion),  and  an  excreton*y  system  of  ramified  canals 
containing  fla7iie<ells.     Enteron  wTien  present  api'octous. 

The  forms  included  in  this  phylum  are  mostly  parasitic  Entozoa, 
but  some  live  freely  in  water  or  on  land.  Suckers  and  hooks  for 
attachment  are  often  present,  especially  in  the  parasitic  forms.  The 
enteron  is  ahsent  in  one  class  (Cestoda),  and  when  present  is  without 
an  anus.  Vascular  system  and  body  cavity  are  not  found  in  the 
group,  and  the  oi^ns  are  embedded  in  a  plasmatic  mass  —  the 
parenchyma — in  which  muscular  and  connective  tissue  elements  are 
differentiated.  This  is  the  so-called  mesoderm.  The  excretory 
system  is  distributed  as  a  system  of  branching  and  often  anasto- 
mosing canaliculi  throughout  the  parenchyma,  and  in  the  absence 
of  a  vascular  system  collects  the  excretory  products  in  all  parts  of 
the  body.  Projecting  from  the  walls  of  the  canals  at  intervals  are 
thick  flame-shaped  cilia,  and  sometimes  finer  cilia.  The  canaliculi 
are  supposed  to  end  blindly  in  hollow  cells  of  the  parenchyma,  from 
which  cells  there  often  projects  into  the  blind  end  of  the  canal  a 
flame-shaped  cilium.     Such  terminal  cells  are  called  flame-cells. 

In  the  terms  of  the  cell-theory  this  system  may  be  described  as  consisting  of 
a  number  of  branched  and  hollow  anastomosing  cells,  the  spaces  or  vacuoles 
within  which  form  a  continuous  system  opening  externally,  and  constituting  the 
cavities  of  the  excretory  canaliculi.  Such  canals  are  often  distinguished  as 
intracellular,  and  contrasted  with  intercellular  canals,  in  the  walls  of  which  cell 
limits  can  be  made  out.  It  is  extremely  doubtful  if  this  distinction  has  the 
reality  or  morphological  importance  which  is  often  attributed  to  it. 

The  external  openings  of  the  excretory  canals  vary  much,  botli  in 
niunber  and  position. 

The  animals  are  usually  hermaphrodite,  and  the  reproductive 
organs  are  complex.     A  vitellarium  or  yolk-gland  is  very  generally 
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present,  and  may  be  part  of  the  ovary  or  distinct  from  it.  Such 
glands  are  to  be  regarded  as  parts  of  the  ovar}',  the  cells  of  which 
are  without  the  capacity  of  becoming  ova,  but  store  up  yolk  matter 
and  are  deposited  round  the  ovum  in  the  cocoon  or  egg-shell,  and 
consumed  by  tlie  embryo  during  its  development.  Asexual  repro- 
duction is  very  often  found,  and  may  take  place  at  different  stages  of 
the  development.  The  life  history  is  in  such  cases  very  complicated. 
So  far  as  is  known  parthenogenesis  is  not  met  with  in  the  group, 
unless  the  germ-cells  of  the  sporocysts  and  rediae  of  the  Trematoda 
be  regarded  as  parthenogenetic  ova. 

Class  L     TUBB£LLABIA.« 

Free-livijig  Platyhehninthes  irith  delicate,  soft,  and  often  leaf-shap&l 
bodies,  and  with  a  ciliated  ectoderm  containing  rhahlites  and  sometimes 
thread -cells,  and  with  muscular  protrusible  j^li^i^ynx. 

The  Turhellaria  include  fresh-water,  marine,  and  terrestrial  forms. 
They  are  distinguished  by  the  possession  of  a  ciliated  ectoderm  and 
soft  delicate  tissues.  They  usually  have  an  oval,  flattened  body,  and 
they  reach  only  a  small  size.  It  is  exceptional  to  find  organs  for 
adhering,  viz.,  small  hooks  and  suckers.  The  anterior  end  of  the 
body  is  especially  sensitive,  and  generally  bears  eyes  and  sometimes 
a  pair  of  tentacles,  which  in  a  few  cases  {Euryleptidae  and  Pseudo- 
ceridae)  contain  prolongations  of  the  enteron.  In  some  forms  the 
dorsal  surface  is  covered  with  papillae,  and  these  also  sometimes 
contain  prolongations  of  the  enteron.  A  pair  of  ciliated  pits,  not 
unlike  those  of  Nemertines,  are  occasionally  present  on  the  front 
of  the  body,  around  which  there  may  be  present  a  ciliated  marginal 
groove.     A  sucker  is  found  in  some  Polyclada  on  the  ventral  surface. 

The  mouth  is  on  the  front,  middle,  or  hinder  part  of  the  ventral 
surface.  In  the  American  Triclad  Phagocata  there  are  eight  or  nine 
pail's  of  mouths  and  pharynges  in  addition  to  the  main  one,  and  the 
same  peculiarity  has  l)een  observed  as  an  exception  in  the  genera 
Planaria  and  Polijcelis,  The  generative  openings  are  on  the  ventral 
surface  behind  the  mouth. 

The  skin  consists  of  a  single  layer  of  cells,  or  of  a  finely  granular 

*L.  V.  Gratr,  Monographic  der  Tarhcllaricn,  Leipzig,  1882.  L.  v.  Graff,  Die 
Organisation  der  Turbcllarid  Acocla^  Leipzig,  1891.  r.  Hallez,  **  Catalogue  de« 
Turbellarie's  du  Nord  de  la  France,'*  etc.,  Rcvhc  Biologique  du  Nord  de  In  France, 
Ts.  ii.,  iv.,  and  v.,  1892,  3.  A.  Lang,  "Die  Polycladen,"  Fauna  and  Flora  des 
Golfea  von  Ncapel,  1884.  F.  W.  Gamble,  "British  Marine  TurWlaria," 
Q.  J.  M,  S,,  34,  1893,  p.  433;  and  Article  on  Turbellaria,  in  the  Cambridge 
Natural  History,  vol.  2,  1896. 


TURBBLLARIA.  311 

nucleated  material,  which  bears  cUia  and  rests  upon  a  stratified 
basement  membrane  (Fig.  16G).  It  is  covered  externally  by  a 
homogeneous  membrone  bearing  tactile  hairs  and  comparable  to 
a  cuticle.  Peculiar  rod-like  structures,  called  rhaMttes,  are  found 
in  the  ectoderm  cells  and  in  cells  lying  deeper  in  the  parenchyma, 
but  connected  with  the  ectoderm  layer  by  processes.  The  rhabdites 
are  homogeneous,  highly  retractile  structures  of  unknown  function, 
and  can  be  extruded  from  the  ectoiierm. 
Other  etructuree  probably  of  a  similar  ." 

character,  but  differing  slightly,  are  also 
foand  in  the  ectoderm — these  are  the 
pgeutforhalxiites  and  m{/ittort/gts.  Nema- 
tocyste  are  found  in  some  members  of 
the  class  (Microdoma,  Anonymue,  Sfijlo- 
rhoplana).  Various  pigments  are  often 
present  in  the  epidermis  or  in  the 
parenchyma ;  and  green  vesicles  con- 
taining chlorophyll  and  starch  grains 
{Vortex),  or  yellow  cells  (Conrolufa), 
are  found  in  the  parenchyma  in  some 
forms  (^symbiotic  Algae).  The  dermis, 
or  outer  layer  of  the  parenchyma,  lies 
beneath  the  basement  membrane,  and 
contains  well-developed  muscular  layers 
(usually  outer  circular  and  inner  longi- 
tadinal). 

The  structure  of  the  parencbyilia  is 
difficult  to  make  out.  In  the  Aroela 
the  whole  of  the  tissues  ivithiu  the 
basement  membrane  may  be  descrilted 
■s  consisting  of  a  plasmatic  mass  con- 
taining nuclei,  vacuoles,  and  flbrcs, 
both  muscular  and  connective.  The 
centre  of  this  mass  is  of  a  softer  consistency  than  the  outer 
parts,  and  constitutes  the  solid  digestive  endoderm  into  which 
the  food  passes  to  be  digested.  The  outer  part  of  the  paren- 
chyma, which  is  not  at  all  marke<l  off  from  the  central,  contains 
dermal  muscles  externally,  networks  of  connective  tissue  fifircs,  and 
muscular  fibres  running  dorso-ventndly  through  the  fxxly.  Further, 
tlie  central  nervous  mass  and  the  ncr\'e3  and  the  gonads  are  all  jiarts 
of  this  parenchyma,  differentiated  from  it  indeed,  but  not  in  any 
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sense  marked  off  from  it  (except  in  the  case  of  the  ripe  generative 
cells),  and  passing  perfectly  gradually  into  it.  Cell  limits,  save  for 
the  ripening  generative  cells,  and  possibly  here  and  there  a  wandering 
cell,  are  entirely  absent  from  it.  It  should  also  be  mentioned  that 
spaces  or  vacuoles  filled  with  fluid  are  present  in  all  parts  of  the 
parenchyma.  The  parenchyma  of  the  other  TVrftcZ/arto,  generally 
8j)eaking,  resembles  that  of  the  Acoela  in  structure,  but  differs  in 
the  fact  that  the  organs — enteron,  cerebral  ganglion,  gon^s— are 
more  completely  delimited  from  it. 

It  cannot  be  said  that  there  is  a  perivisceral  cavity  in  the  Turhdlaria. 
There  are  vacuoles  in  the  parenchyina,  and  these,  in  some  Bhabdocoelida^  are 
so  much  developed  round  the  enteron  as  to  suggest  a  body  cavity.  According 
to  V.  Graff  indeed,  there  is  in  such  cases  a  lining  of  endothelium. 

As  to  the  homologies  of  tlie  parenchyma  tissue,  it  appears  probable,  from 
its  condition  in  the  Acoela^  that  it  is  a  part  of  the  endoderm  in  which  the 
enteric  cavity  is  either  not  developed  or  has  collapsed,  or  become  filled  witli 
plasmodial  extensions  of  its  protoplasmic  walls,  of  a  nature  similar  to  the  filling 
up  of  the  enteron  described  by  Bonnie  in  a  coral  polyp  (Q,  J,  M.  S.,  28,  p.  29). 

In  the  Acoela  this  absence  of  enteron  extends  to  the  whole  of  the  endoderm. 
The  close  relation  of  the  i>arenchyma  to  tlie  endoderm  is  not  only  suggested  by 
the  condition  in  the  Acocln^  in  which  they  are  actually  continuous,  but  Is 
indicated  by  an  observation  of  Lang's  tliat  the  endodermal  lining  of  the  enteron 
contains  extensions  of  the  excretory  system.  This  suggests  that  possibly  the 
continuity  between  tlie  parenchyma  and  the  endoderm  in  the  Tnclada,  at  any 
rate,  is  closer  than  is  suppose*!.  The  origin  of  the  generative  cells  in  the 
parenchyma,  and  their  jmssage  through  the  vacuolated  spongy  mass  to  the 
genital  opening  is  exactly  what  must  happen  in  Bourne's  coral  ix)lyp  with 
a  s|)ongy  enteron.  At  the  sam(>  time  I  do  not  wish  to  suggest  that  the  iMren- 
cbyma  ever  had  a  continuous  digestive  space.  I  would  rather  suggest  that  the 
Acoela  are  connecting  forms  between  large  Infusoria  and  the  higher  animals,  in 
which  the  endodermal  protoplasm,  though  without  a  continuous  cavity,  is 
partly  differentiated  into  a  number  of  imi)ortant  organs. 


Fio.  107 — Planaria  polychroa  creeping  with  outstretched  ptaarj-nx. 

The  mouth  leads  into  a  muscular  pharynx,  which  is  contained 
in  a  sheath,  and  can  usually  be  protruded  like  a  proboscis  (Fig.  167). 
The  enteron,  into  which  the  pharynx  opens,  consists  only  of  a  simple 
chamber  (Fig.  168),  or  of  a  central  chaml)er  prolonged  into  branches, 
which  may  themselves  branch  and  even  anastomose.     In  some  cases 
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{Yuitffia,  Ci/dopofun)  the  enteric  diverticula  open  to  tiie  exterior. 
The  internal  wall  of  the  enteron  is  some- 
times ciliated. 

In  the  Aroela  the  pharynx  leads  into 
the  central  parenchyma,  in  the  vacuoles 
of  which  digestion  takes  place. 

The  excretory  organs  are  the  draining 
system  of  the  parenchyma.  They  also 
sometimes  extend  into  the  endoderm, 
which  is  really  the  central  ])art  of  the 
parenchyma,  A  general  account  of  what 
is  known  of  these  organs  haa.  already  Iteen 
given.  To  that  may  now  be  nddcd  that 
there  is  generally  a  main  trunk  opening 
externally  by  one  or  several  openings 
(Fig.  172)  on  the  dorsal,  or  on  the  ventral 
surface, 'or  even  into  the  pharynx-sheath; 
that  this  main  canal  gives  ofi'  secondary 
canals  which  may  branch  and  even  anas- 
tomose ;  that  the  secondary  canala  receive 
the  finest  canaliculi,  which  come  direct 
from  the  terminal  cella — tlie  flame-cells 
as  they  are  called.  Flame-like  cilia  and 
smaller  cilia  may  project  into  these  canals 
at  different  parts  of  their  course. 

Tlie  whole  system  is  said  to  be  intra- 
cellular, and  without  well-marked  walls. 
It  can  only  he  made  out  in   the  living 
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animals.  No  doubt  what  we  really  have  to  do  with  here  is  a  con- 
tinuous system  of  tubular  vacuoles  in  the  plasmatic  parenchjrma — 
similar  in  nature  to  the  tubes  leading  from  the  contractile  vacuole 
of  an  Infusorian. 

The  excretory  system  has  not  yet  been  observed  in  the  Acoeln, 

The  nervous  system  (Fig.  168)  consists  of  a  bilobed  ganglion  at 
the  anterior  end  of  the  body.  It  is  embedded  in  the  parenchyma, 
and  gives  off  nerve  trunks  in  all  directions ;  of  these,  two  especially 
large  lateral  trunks  run  backwards,  one  on  either  side  (Fig.  168). 
The  latter  are  sometimes  connected  at  regular  intervals  by  delicate 
transverse  coids,  and  in  the  Polydcula  and  Triclcula  all  the  peripheral 
nerve-trunks  anastomose.  In  a  numl)er  of  the  two  last-named  groups 
a  diverticulum  of  the  enteron  runs  forwartl  above  the  transverse 
commissure  in  a  groove  between  the  two  cerebral  lobes ;  and  in  some 
genera  this  enteric  prolongation  is  encircled  by  a  nervous  commissure. 

Sense-organs.  Eye-spots  are  very  generally  present.  In  the  lower 
forms  {Acoela)  they  are  simply  pigment-spots  in  the  ectoderm.  As 
a  rule,  however,  they  are  placed  in  the  parenchyma  or  in  the  brain, 
and  consist  of  many  retinal  rods  contained  in  a  pigmented  sheath. 
The  outer  ends  of  these  rods,  i,e.,  the  ends  turned  towards  the 
external  surface,  are  continuous  with  the  nerves  passing  to  the  brain. 

In  the  PoJydada  the  eyes  have  been  observed  to  increase  by 
division,  and  in  the  Tridcula  they  have  been  seen  to  fuse,  so  as 
to  give  rise  to  more  complex  eyes.  The  eyes,  which  may  be  present 
in  any  number,  from  one  to  a  hundred  or  more,  are  placed  over  the 
brain,  or  on  the  tentacles,  or  on  the  margin  of  the  body. 

Auditory  organs,  as  otocysts,  are  sometimes  found.  In  Acoda 
and  in  some  Rhahlocoela  (Mcmofus),  and  more  rarely  in  Polydada^ 
a  single  otocyst  is  found  in  the  neighbourhood  of  the  brain. 

The  integument  is  endowed  with  a  highly  developed  tactile  sense ; 
the  large  hairs  and  stiff  bristles  which  project  between  the  cilia  have 
probably  this  function.  Lateral  ciliated  pits,  which  may  also  be 
explained  as  sense-organs,  are  in  rare  cases  present  at  the  anterior 
end  of  the  lx)dy.  In  the  ProhoscifJae  the  anterior  end  of  the  body 
is  retractile  into  a  sheath,  and  probably  highly  sensitive. 

Beproductive  organs.  With  the  exception  of  Mia'odanium  and 
Stenosto)numy  and  possi]>ly  Plafjiosfomum  tlioiaimy  the  Turhellaria  are 
hennaphrodite ;  but  steps  between  the  hermaphrodite  and  dioecious 
condition  are  not  wanting,  for  according  to  Metschnikoff  in  Gyraior 
liet^maplirofUtus  (Prostomum  lineare),  the  male  generative  oi^gans  are 
sometimes  developed,  while  the  female  organs  remain  rudimentary, 
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or  vKe  versa.  This  is  probably  only  ft  case  of  successive  hermapliio- 
ditiam  common  amongst  the  TurbeUaria,  a  condition  in  which  the 
male  organs  attain  maturity  before  the  female. 

The  generative  organs  are  always  complex,  and  tlie  gonads  are 
either  compact,  or  follicular  and  scattered.  As  a  type  of  the  firat 
condition  we  may  take  Memstomum  Ehrenherrfii  (Fig.  170).  Here 
there  is  a  single  external  opening  leading  into  an  afrium  genilale, 
into  which  opens  the  vaa  deferens  (Vil)  through  the  penis  (P),  the 


e  ippuvtiu  of  Mao- 
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oviduct,  the  two  uteruses  (Vt),  the  receptaculum  acminis  (R»),  and 
the  ducts  of  the  yolk-glands  {Dg).  The  testes  (T)  are  paired  and 
tubular,  their  ducts  join  in  the  penis,  which  projects  into  the  atrium. 
The  ovary  (Ov)  is  sii^le,  and  its  duct  opens  directly  into  the  atrium 
genilale.  The  receptaculum  seminia  stores  up  the  sperm  received  in 
copulation,  and  the  eggs  remain  in  the  uterus  for  a  8hort«r  or  longer 
time.  As  a  type  of  the  second  condition  we  may  take  the  fresh-water 
Tridad  Planaria  laetea.  Here  (Fig.  1 72)  also  there  is  a  single  external 
opening  (Go)  leading  into  an  atrium  gemtdle,  into  which  open  the 
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vaaa  deferentin  through  the  penis,  the  oviduct  {Oil),  the  uteniB 
(Uf),  and  a  muscular  sac  of  unknown  function  {X).  There  are 
two  ovaries  (Oe)  placed  between  the  third  and  fourth  pairs  of 
intestinal  caeca  or  thereabouts.  The  two 
oviducts  {Oit)  pass  backwards,  receiving 
as  they  go  the  yolk-glands  which  are 
placed  between  the  caeca  of  the  intes- 
tine ;  they  join  to  ojien  by  a  single  tube 
into  the  genital  atrium.  The  testes  are 
numenms  vesicles  placed  iiregidarly  be- 
tween the  gut  caeca,  and  communicating 
with  a  longitudinal  tube  on  each  side— 


IJ  of  J 

Inelta  (after  Leuckurt  knd  KIMcfae). 
1>  intwtlur  ;  Pk  pli*r>-ni ;  if  dp«n- 
[iiK  uf  dhvath  of  phirynx  i  B  extrr- 
uil  ogieniugd  of  eicntory  vuwlii: 
To  UctilQ  orRinn ;  (It  cerebral  pin- 

Ot  ovary;  Od  oviduct  (anterior 
and  poftl«rLur  |nrt  only  jihown)  \ 


Ik-gUiid  niid  tratei  ai 


TXTRBELLARIA.  217 

the  vasa  deferential*  these  open  into  glandular  sacs — the  vesiculae 
seminales  {Vd),  which  themselves  open  into  the  penis.  The  penis 
is  an  eversible  organ,  which  can  l)e  protruded  througli  the  genital 
pore. 

In  the  Polyclada  the  ovaries  as  well  as  the  testes  are  follicular 
and  scattered,  and  there  are  no  yolk-glands.  Moreover,  the  external 
openings  are  separate,  the  male  being  in  front  of  the  female.  In 
some  Rhahdocoela  also  the  generative  openings  are  separate.  In  the 
Acoda  the  ovaries  are  compact,  but  the  testes  are  follicular,  and  there 
are  no  generative  ducts,  so  that  the  generative  cells  have  to  make 
their  way  through  the  parenchyma  to  the  external  generative 
opening  or  openings. 

The  penis  is  protrusible  and  very  commonly  armed  with  hooks, 
which  are  said  to  assist  the  animal  in  retaining  hold  in  copulation, 
and  also  to  serve  as  weapons  of  offence.  In  Prorhynclms  and 
Stylostonmm  the  penis  opens  into  the  moutL 

A  curious  instance  of  vegetative  repetition  is  presented  by  some 
Polyclada,  in  which  there  may  be  (Anonymtcs)  several  paire  of  penes 
and  of  male  openings  placed  in  two  rows  on  the  ventral  surface. 

In  some  cases  it  is  said  that  true  co])ulation  takes  place ;  Init  in 
many  forms  (e.^.,  Polydacla)  the  sperm  masses  are  deposited  on  the 
body  of  another  worm,  or  even  in  a  wound  in  the  body-wall  made  by 
the  impact  of  the  jjenis.  In  such  cases  of  sperm  injection  the 
spermatozoa  must  make  their  way  to  the  receptaculum  or  uterus 
by  travelling  through  the  tissues  of  their  host.  These  creatures 
do  not  always  confine  their  attentions  to  individuals  of  their  own 
species,  for  Lang  observed  a  Pseiuloceros  crawl  over  a  Thysaiiozoon 
and  make  several  wounds,  in  each  of  which  a  sperm  mass  was 
deposited. 

Some  Rhahdocoela  form  two  kinds  of  eggs — summer  eggs,  which 
have  thin  shells,  and  are  retained  in  the  uterus  till  hatching;  and 
winter  eggs,  which  have  thick  brown  shells,  are  laid,  and  last  through 
the  winter  to  be  hatched  out  in  the  spring.  The  eggs  are  either 
enclosed  singly  in  egg-shells,  or  several  of  them  are  included  with 
a  number  of  yolk -cells  in  one  shell  or  cocoon.  The  Polyclada 
agglutinate  a  numl3er  of  eggs  together  in  an  albuminous  mass. 

Tlie  fresh-water  TurhellaHa  as  well  as  many  marine  forms  undergo 
a  simple  direct  development,  and  in  the  young  state  are  often  difficult 
to  distinguish  from  Infusoria,     Some  of  the  Polyclaila  undergo  a 

*  It  is  possible  that  there  are  no  vasa  dcferentia,  but  that  the  s|>en]iatozoa 
make  their  way  through  the  parenchyma  to  the  vesiculae  seminales. 
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metamorphosis,  the  lan-ae,  known  as  Muller'a  larva,  poasesaiiig  finger- 
sliajied  ciliated  lol)es  {Fig.  174). 

Asexual   reproduction   by   transveree   fission   takes    plac«   in  the 
Mia-ostomiiJae  (Kig.  175).     Tlie  [josterior  third  of  the  body  becomes 
separated  from  the  rest  by  a  septum,  and  develops  ite  own  mouth 
and  organs.     This  jiroccss  may  continue  both  in  the  ofispring  and 
parent  before  separation 
takes  place,  so  that  a  com- 
plex   chain    of    individuals 
arises  (Fig.  175). 

Planaria  aljiina  is  also 
known  to  undergo  fission. 
The  power  of  regenerating 
lost  parts  is  great. 

Order  1.     Acobla,* 

Small  marine  TurMlaria 

leithoul  tliffeefive  eavily,  bat 

leith  a  ytonfft/  digegtive  paren- 
chyma not  differentiated  into 
erufoderm  ami  inemilerm.  Dejinite  exeretorij  orgatu 
hare  not  l>eeu  olinei-va/.  A  ginyle  otoeytt  ia  alicays 
present.     Mouih  verttral,  lea/liny  into  a  short  pharjfnx. 

The  central  nervous  system,  generative  organs,  and 
digestive  organs,  are  not  sharply  separated  from  the 
parenchyma,  but  a]ipear  rather  to  lie  a  part  of  it, 
(leuerative  ducts  are  not  specially  developed,  though 
in  the  male  organs  there  appear  to  be  fairly-well 
si>eciBltzed  tracts  along  which  the  sperm  [>asses.  The 
genital  opening  is  double  or  single ;  a  penis  is  always, 
and  a  bursa  seminalis  sometimes  present.  Tiiere  are 
no  yolk-glands,  and  the  excretory  system  has  not  been 
made  out.  There  is  always  a  pharynx,  which  ends  taaaOi  open. 
in  the  central  mass.  At  the  front  end  of  the  body 
there  is  an  oi^n  of  a  glandular  or  sensory  nature,  which  was 
formerly  mistaken  for  the  month.     It  is  tlie  "  frontal  organ," 

The  Aeoda  are  marine.  Most  are  carnivoroiis,  but  it  is  said  that 
some  species  of  Gmvolufa  can  live  like  a  green  plant  by  means  of  the 
green  cells  {1  sffiiilnolic  algae),  which  live  symbiotically  in  their  tissues, 

*  Y.  Delate,  "  Etudes  histologiques  sue  lea  Planairea  Bliabdococles  Acoelea," 
jirch.  :col.  cxp.  et  gin.  (2)  T.  iv,     1886, 
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Fam.  1.  Proporidae.  With  one  generative  opening,  without  accessory  female 
apparatus ;  with  soft  penis.  Proporus  v.  Graff,  Propones  venenosm  0.  Schm., 
Plymouth ;  Monoporua  v.  Graff,  M,  nibropunctcUus  0.  Schm.,  Plymouth. 
Haplodisais  Weldon. 

Fam.  2.  Aphanoitomidae.  With  two  sexual  openings,  the  female  being 
anterior  to  the  male.  With  bursa  seminalis  and  soft  penis.  Aphanostonium 
Oersted,  A.  diversieolor  Oe.,  A,  elegans  Jen.,  Plymouth;  Nadina  Uljanin ; 
Cyriamorpha  y.  Graff;  ConvoliUa  Oersted,  C,  paradoxa  Ocrst.,  English  coast, 
eta ;  Amphichoerus  v.  Gr. ;  Polychoenis, 

Order  2.     Rhabdocoela. 

With  straightf  rodsTutped  eiiteron^  ami  profnmble  pharynx. 
This  order  includes  the  smallest  forms  in  the  class,  but  not  the 
most  simply  organised.  On  the  contrary,  the  structure  of  the 
parenchyma  lends  support  to  the  view  that  they  are  the  most 
highly  organised  of  the  class.  The  enteron  is  unbranched,  and  lies 
in  a  space  simulating  a  body-cavity.  The  vitellarium  is  sometimes 
not  separated  from  the  ovary.  They  live  on  the  juices  of  small 
worms  and  of  the  larvae  of  EntoDiostraca  and  Insectay  which  they 
envelop  with  a  cutaneous  seci'etion  containing  rhabdites,  and  after- 
wards suck.  They  are  mostly  fresh-water,  but  a  few  of  them  are 
to  be  met  with  in  the  sea,  and  some  upon  land  (Prorhynchvs  sphyro- 
cephalus).  Parasitic  forms  are  also  known  {GrajUla  viuncicola  in 
the  kidney  of  Murex  hrandans,  Fecampia  enjtkrocepliala  in  gut  of 
Carcinus  maenas,  etc.). 

Fam.  1.  Xaeroitomidae.  With  two  generative  openings,  the  female  being  in 
front  of  the  male.  Without  accessory  female  apparatus  ;  with  simple  pharynx. 
Meq/nostomum  £.  v.  Ben.,  marine;  Maerostomum  E.  v.  Ben.,  f.w.  and  mar., 
a,  hystrix  Oe.,  f.w.;  Omahstomum  £.  v.  Ben.,  marine. 

Fam.  2.  Mioroitomidae.  With  sexual  and  asexual  reproduction ;  with 
simple  ovary,  without  accessory  female  apparatus ;  with  simple  pharynx. 
ifierogtomum  0.  Schmidt,  dioecious,  f.w.  and  mar..  At.  lineare  Oe.,  f.w.; 
SUnostomum  0.  Schm.,  dioecious,  f.w.  and  mar.,  S.  lemnae  Dug.,  S.  leitcopa 
0.  Schm.,  f.w.;  Alaurina  Busch,  hermaphrodite  with  follicular  testes,  A 
Claparedii  v.  Graff,  coast  of  Skye. 

Fam.  3.  ProTliyneMdae.  With  separate  generative  openings,  the  female 
being  ventral,  the  male  combined  with  the  mouth.  With  simple  ovary  divided 
into  germarlum  and  vitellarium ;  with  variable  pharynx.  The  so-called  pro- 
boscis is  the  copulatory  organ.  Damp  earth  or  fresh  water.  Prorhynchus 
M.  Schultze,  P,  atagTialis  M.  Sch. 

Fam.  4.  Keioitomidae.  With  one  or  two  generative  openings ;  vitellarium 
and  germarium  either  distinct  organs  or  separate  parts  of  the  same  organ. 
Usually  with  accessory  female  apparatus,  and  always  with  compact  paired  testes. 
With  a  ventrally -placed  rosette-shaped  pharynx.  F.w.  and  mar.  Otomesostomum 
V.  Graff;  MesoaUyimim  Dug^  (Fig.  168);  Bcihromesostotnum'M.,  Braun  ;  Castrada 
0.  Schm.;  Prometostomum  v.  Gr.,  P,  marmoratum  Schultze,  coasts  of  Britain ; 
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P,  solea  0.  Sch.  Plymouth,  P,  lerUiculatuni  0.  Schm.  Isle  of  Man ;  Byrsophlda 
Jen.,  B.  Graffi,  Jen.  Plymouth,  Milliwrt,  B.  inUrmedia  v.  Gr.  Isle  of  Man,  Mill- 
port; Proxenetes  Jen.,  P.  cochlear  v.  Gr.,  Millport. 

Fam.  5.  Froboeeidae.  With  a  tactile  proboscis,  one  or  two  generative 
openings,  separate  germarium  and  vitellarium,  bursa  seminalis  and  compact 
testes.  Mouth  ventral ;  pharynx  rosette-shaped.  The  continuity  of  the  enteron 
is  intemiptcd  at  the  period  of  sexual  maturity.  All  marine  except  OyrtUar 
Ehbg.  Paeiidorhyiichm  v.  Gr.,  Irish  Channel;  Aerorhynchiis  v.  Gr.,  Brit,  coast; 
Macrorhynchus  v.  Gr.,  Brit,  coast;  ffyporhynchiis  v.  Gr.,  Brit,  coast;  Oyrator 
Ehrb.,  St.  Andrews. 

Fam.  6.  Vortieidae.  With  one  generative  opening ;  gennarium  and  vitellarium 
combined  or  separate ;  with  accessory  female  apparatus,  always  simple  uterus, 
and  compact  jtaired  testes.  Mouth  ventral,  and  usually  near  the  anterior  end  ; 
pharynx  with  a  single  exception  cask-sliaped.  The  chitinous  penis  very  various. 
SchuUzia  v.  Gr. ;  Provortex  v.  Gr.,  Brit,  coast ;  Vortex  Ehbg. ;  Jentenia  v.  Gr.; 
Opistomum  0.  Schm. ;  Derostomum  Oers.;  OraffilUt  v.  Jhering,  parasitic;  Anopto- 
dium  Schneider  ;  Fecampia  crythrocephahi  Giard,  in  gut  of  Carcinus  macnas, 

Fam.  7.  Solenopharyngidae.  With  one  gen.  opening,  one  germarium  (ovary), 
paired  compact  elongated  testes.  The  pharynx  elongated,  tubular,  directed 
backwards.     Solenophirynx  v.  Gr. 

Order  3.     Alloiocoela. 

Enteron  lol^d  or  an  irreijtdarly  trvlened  sac.  Testes  foUicvlar. 
Paired  orarieK  and  ritellaria,  condnned  or  separate  ;  mtellaria  irregu- 
larly lobed  or  paiiidlly  branched. 

The  parenchyma  is  less  differentiated  than  in  the  HhalHlocoela,  and 
more  in  tlie  condition  it  has  in  the  Acoela.  The  generative  openings 
are  separate  or  united,  as  in  the  latter  group.  With  few  exceptions 
they  are  marine  {Playiostomum  leniani,  Lake  of  Geneva,  Bothrioplana). 

Fam.  1.  FlagioBtomidae.  With  one  gen.  oi)ening,and  without  accessory  female 
apparatus  (except  Cylindroatomum) ;  with  testicular  follicles  in  front  of,  alongside, 
and  behind  the  brain.  Pharynx  varying  in  position  and  size.  Otocyst  absent. 
Usually  small,  cylindrical,  or  plano-convex  forms  with  narrow  hind  end. 
Aanostomum  v.  Gr. ;  PJagiostomum  O.  Schm. ;  Vortiecros  0.  Schm. ;  EnUros- 
iomum  Clap.;  AUostomumV.  J.  v.  Ben.;  Cyliiidrostomum  Oers.  All  recorded 
from  British  coast  except  Aemostomum. 

Fam.  2.  Monotidae.  With  two  gen.  o|>enings,  and  with  bursa  seminalis ; 
testicular  follicles  closely  aggregated  between  brain  and  pharynx.  Pharynx 
always  elongated  with  ojwning  directed  backwards.  With  one  otocyst 
Elongated  forms  with  narrow  front  end  and  broad  hind  end.  Mmotm 
Diesing ;  Automolos  v.  Gr.     Both  recorded  from  British  coast. 

Fam.  3.  Bothrioplanidae.*  Intestine  with  three  branches,  of  which  the 
two  posterior  unite  behind  the  pharynx.  With  one  genital  opening.  Allied  to 
the  Triclada.  Genital  glands  with  tunica  propria.  Bothrioplaiia  Braun.,  fresh 
water. 

♦  F.  Vejdovsky,  Z/.  w.  Z.,  60,  1895,  p.  198. 
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Order  '4.     Triclada. 

Enteron  irifh  three  brandies,  one  foncard  ami  two  backward; 
pharynx  cylindrical,  inserted  cU  the  junction  of  the  three  branches. 
Genital  jwre  single,  behind  the  tnouth. 

The  Triclnda  comprises  marine,  fresh-water,  and  terrestrial  forms. 
A  description  of  a  typical  meml)er  of  the  order  has  already  been 
given.  The  testes  are  numerous  and 
follicular;  the  vitellarium  consists  of 
scattered  follicles,  and  is  only  exception- 
ally compact  (ptoplana);  the  ovaries  are 
two  in  number,  placed  anteriorly.  The 
mouth  is  usuallv  behind  the  middle  of 
the  body,  and  the  Ixniy  is  more  or  less 
flattened.  The  skin  is  often  provided 
with  glands,  the  secretion  of  which  in 
certain  land  forms  {Bipaiium,  Rhyncho- 
deraus)   hardens   to  a  fibrous  web.     The        ^ 

»it   •  J     7       1  i.  £  •   •  Fio.  176.— Ptenarta  polychroa  (o), 

TricMla  have  great   power  of   repamng        ^.  ^„^^^^  ^^^   JT^,,^  \,;; 

lost     parts ;      fission     occurs     in     Planana  about  twice  uatural  size  (after 

,    .  ,  .  O.  SchiiiidtX 

cuptna  and  coimuta. 

Marine  forms.  Enteric  branches  but  little  ramified,  sometimes  simply  lobed. 
Mouth  placed  in  the  posterior  half  of  the  body  (except  Bdellura).  Body  flattened. 
Uterus  placed  behind  the  genital  opening. 

Fam.  1.  Otoplanidae.  With  otocyst  and  ciliated  pits,  >rithout  eyes.  Otoplana 
Dn  Plessis. 

Fam.  2.  Procerodidae,  Without  otocyst  and  ciliated  pits.  Ccrcyra  O.  Schm. ; 
Procerodes  Girard  (including  Ounda,  Foma,  Haga) ;  Uteriporiis  Bergendal. 
Ounda  and  Fovia  recorded  from  British  coast. 

Fam.  3.  Bdelliuidae.  Ectoparasiti(;  on  Limulu^t  pro\ided  with  a  caudal 
apparatus  for  fixation.     Bdellura  Leidy. 

Fresli-water  forms.  Enteric  branches  much  ramified.  Mouth  placed  in  the 
posterior  half  of  the  l)ody.  Body  flattened.  Uterus  placed  between  the 
pharynx  and  the  penis. 

Fam.  1.  Flanaridae.  Head  without  differentiated  organ  of  fixation. 
Planaria  0.  F.  Mull.  (including  Diigesin),  with  two  eyes ;  P.  lactca  O.  F.  M. ; 
P.  puncUUa  PalL ;  P.  polychroa  Schm. ;  P,  torva  M.  Sch. ;  P.  alpina  Dana  are 
British.  Phagocata  Leidy,  with  8  or  9  pairs  of  pharynges  additional  to  the  main 
one,  Pennsylvania;  Anoeelis  Stimpson,  no  eyes;  Polycelis  Hemprick and  Ehrenb., 
many  marginal  eyes  ;  P.  nigra  Ehr.,  P.  cormita  are  British. 

Fam.  2.  Dendrocoelidae.  Head  with  several  difl'erentlated  organs  of  fixation. 
Dendroeoeluni  Oerst.  (incl.  Bdellocephala  and  Galcoccphala),  two  eyes  ;  Oligocelis 
Stimpeon,  six  eyes;  Procotyla  Leidy;  Sorocelis  Grube,  and  Dicotylus  Grube, 
from  Lake  Baikal. 

Terrestrial  forms.    Enteric  branches  generally  simply  lobed.     Position  of 
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mouth  and   fomi  of  body  variable.     Uterus  slightly  developed  and  behind 
the  genital  pore.     Ventral  muscular  system  much  developed. 

Fam.  1 .  Leimaoopeidae.  Dorsal  face  very  convex ;  mouth  in  the  anterior 
part  of  body.  Lcimacopsis  Diesiug,  2  frontal  tentacles  with  eyes  at  base, 
tropical  America. 

Fam.  2.  Oeoplanidae.  Body  sub-cylindrical ;  mouth  almost  median  (except 
MieropJana  and  Dolichoplana).  Geoplami  Stimpeon  (with  Geobia  and  Coeno- 
plana)  S.  America,  Australia,  N.  Zealand,  etc.;  SphyrocephaUis  Kuhl  and 
V.  Hasselt  (with  Bipalium\  Ceylon,  India,  N.  Zealand,  etc.;  Geodesmm 
Metschnikoff ;  Rhynchodanus  Lcidy,  world-wide,  mouth  a  little  behind  the 
middle  of  body.     Dolichoplana  Moseley,  Philippines ;  Microplana  Vejdovsky. 

Fam.  3.  Folyeladidae.  Body  flattened ;  mouth  in  posterior  part  of  body. 
Polycladus  Blanchard. 

Order  5.     Polyclada. 

Euteron  trifh  many  hranrhes,  which  ramify  or  anasfamose.  Male 
ami  female  openinfjs  distinct  {except ionally  united  in  StylochoplanOj 
IXscocelifi),     Oranes  follicular^   irithout  vitelline  glamh. 

The   Polyclofla   are    marine   animals.      Both   testes   and   ovaries 

are  numerous  and  follicular.     A  vitellarium  is  absent.     The  female 

genital  opening  is  Ijehind  the  male.     In  some  forms  the  young  are 

hatched  out  as  larvae,  called  after  their  discoverer,  Midler's  larvae 

(Fig.  174). 

ACOTTLSA. 

Without  suckers.  Mouth  in  the  middle  of  the  body  or  behind  it.  Copulating 
apparatus  in  the  posterior  half  of  body.  Without  tentacles,  or  with  nuchal 
tentacles. 

Fam.  1.  Flanoceridae.  With  nuchal  tentacles  ;  mouth  about  median  ;  male 
copulating  api>aratus  directed  backwards.  Planocera  de  Blainville ;  P,  folium 
Grubo,  Berwick  Hay.  Ivxogine  Girard ;  Conoceros  Lang;  Stylochtts  Ehrb.: 
Stylochoplawi  Stiraps.,  Iwdy  wi<lened  in  front,  attenuated  behind,  male  and 
female  openings  united,  with  two  tentacles  and  eyes  at  their  base  ;  St,  maeulaia 
Quatr. ,  Brit  coast.     Di2*lonchiis  Stimi>s. 

Fam.  2.  Leptoplanidae.  Without  tentacles ;  mouth  about  median ;  male 
copulating  apjwiratus  directed  backwards.  Cryptocclis  Lang,  with  oval, 
consistent  body,  mouth  median,  genital  openings  separate,  eyes  small  in 
indistinct  groujw  between  the  ])rain  and  front  body  end,  and  round  the  whole 
edge  of  the  body  ;  Diacocdis  Ehrb.,  broadly  oval,  tolerably  consistent  body, 
mouth  median  or  in  front  of  middle,  a  single  genital  o{>ening,  eyes  in  two 
groups,  one  on  each  side  of  l^rain,  and  on  the  anterior  edge  of  the  body ; 
Leptoplami  Ehrb.  (Fig.  173),  body  clongateil,  genital  openings  more  or  less  re- 
moved from  hind  end  of  body,  eyes  in  two  sometimes  indistinct  tentacular 
groups,  and  in  the  brain  area,  small  eyes  on  the  anterior  edge  of  body ;  L,  trr- 
melhiris  O.  F.  M.,  Brit,  coast.     Trigoaoporas  Lang. 

Fam.  3.  Cestoplanidae.  Without  tentacles,  body  ribbon-like.  Mouth  not 
far  from  hind  end  of  body.  Copulating  apparatus  directed  forwards ;  eyes 
scattered  over  the  whole  head.     Cestoplami  Lang. 
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COTYLSA. 

With  central  or  sab-central  ventral  sucker  always  placed  behind  the  openings 
of  the  body.  Month  in  middle  of  body,  or  in  front  of  it.  Copulating  apparatus 
(except  Anonymus)  in  the  anterior  half  of  the  body.  Without  tentacles,  or  >vith 
marginal  tentacles. 

Fam.  1.  Anonymidae.  Body  broad,  oval,  without  tentacles.  Numerous 
penes  in  two  lateral  rows.  Single  female  opening  between  mouth  and  sucker. 
Eyes  in  brain  area  and  on  whole  edge  of  body.     Anonymity  Lang. 

Fam.  2.  Pseudooerldae.  Body  oval  or  elliptical,  with  fold-like  marginal 
tentacles.  Mouth  in  middle  of  anterior  half  of  body.  Eyes  on  brain  areas,  and 
on  the  tentacles.  Thysanozoon  Grube,  with  dorsal  villi  and  double  penis. 
Psettdoceros  Lang,  and  JTunffia  Lang,  without  villi.  In  Yungia  the  gut  diverti- 
cula open  by  numerous  pores  on  the  dorsal  surface  of  the  body. 

Fam.  3.  Bnryleptidae.  Body  oval  or  elliptical,  with  or  without  pointed 
frontal  tentacles.  Mouth  near  the  front  end  of  the  body.  Pharynx  tubular. 
Eyes  in  the  brain  area  and  on  the  tentacles  (or  at  the  two  sides  of  front  edge 
of  body).  Prostheceraeiis  Schmarda,  Brit,  coast :  Cycloporus  Lang,  gut  branches 
open  along  the  whole  of  the  edge  of  the  body,  C.  papillosum  Lang,  Plymouth, 
Port  Erin  ;  Eurylepta  Ehrb.;  Eu.  coniiUa  O.  F.  M.,  Brit,  coast  Oligochtdits 
Lang,  Brit,  coast ;  Stylostomum  Lang,  Brit,  coast ;  Aeeros  Lang. 

Fam.  4.  ProcthioBtomidae.  Body  elongated,  without  tentacles.  Mouth 
immediately  behind  brain.  Pharynx  long  and  tubular.  Prosthiostomum 
Quatrefages. 

Class  n.     TBEMATODA."" 

Parasitic  Platyhehninfhes  irifh  uiisegmeiited,  tisuaUt/  flattened, 
rarely  cylirulrical,  body.  They  possess  a  mouth  and  ventrcdly-placefl 
organ  for  attachment.  Hie  intestine  is  forked  ami  without  an 
anus. 

The  Trematodes,  in  the  main  features  of  their  organisation,  are 
most  nearly  related  to  the  Turbellaria.  They  differ  from  them  in 
their  parasitic  habit,  and  in  the  absence  in  the  adult  of  a  ciliated 
ectoderm,  though  the  Temnoce^thalidae,  in  possessing  a  partiaDy 
ciliated  ectoderm  and  in  other  i-espects,  are  intermediate  l^etween 
the  two  classes.  In  connection  with  their  parasitic  habit  they 
possess  special  organs  for  adhering,  such  as  suckers  and  hooks, 
which  are  stronger  and  better  developed  in  those  which  are  external 
parasites  than  in  those  which  infest  the  internal  organs  of  animals. 

The  mouth  is  invariably  placed  at  the  anterior  end  of  the  animal, 
usually  in  the  middle  of  a  small  sucker.     It  usuaDy  leads  into  a 

•  M.  Braun,  "Trematoda"  in  Bronn*8  Klassen  «.  Ordnungeriy  Bd.  iv., 
1887-93.  A.  V.  Nordmann,  ^* Mikrographi^he  Bcitrdge  z.  Kenntniss  der  vnr- 
belloB&n  Thiere,  Berlin,  1832.  P.  J.  v.  Bene^ien  and  Hesse,  M4m.  de  VAcnd. 
Boy,  Belgigiiej  34,  1864,  p.  60.  P.  J.  v.  Beneden,  J/^/i.  s.  les  Vers  intestiiutux. 
Pans,  1858-61.  v.  Linstow,  Compendium  der  Helmiiiihologie,  Hanover,  1878. 
A.  P.  Thomas,  "The  Life-History  of  the  Liver-Fluke,"  Q.  J.  M.  S.,  23,  1883, 
p.  99.  R.  Leuckart,  "  Die  Parasiten  des  Menschen,"  Ed.  2,  Leipzig,  1879-1894. 
S.  €k>to,  **  Ectopar.  Trematodes  of  Japan,"  •/oMm.  Coll,  ScL  Imp.  Univ.  Japan,  8. 
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miiBcular  jtharynx  with  a  more  or  less  elongated  oesophagus  (Fig. 
177),  which  is  prolonged  into  a  forked  intestine,  ending  blindly 
and  often  ))eset  ^ith  coeca.  The  oigana  are  embedded  in  a  paren- 
chyma of  (uiiaclc  and  connective  tissue. 

Tlie  excretory  nppHrutus  consists  of  two  laige  lateral  trunks, 
and  of  a  network  of  fine  vessels  permeating  the  tissues  and  ending 
in  small  ciliated  lolndes  (flanie-cells).  Tlie  two  large  trunks  usually 
open  into  a  common  contractile  vesicle,  which  opens  to  the  exterior 

at   the  hind   end 

of  the  body. 
The   nervous 

srstem  consists  of 

a  l)ilul)cd  ganglion 

lying    alxjve    the 

oesophagus.  From 

it  there  pass  out, 

in    addition    to 

some  small  nerves, 

two   strong  back- 

wardly   directed 

ventral     nerve- 
trunks.      These 

are  connected   by 

tmiis  verse  anasto- 

■rsteiii;  fi>«icretDry]»rE;Oniuuth    other,      and      with 

^^n^Tn'r^r^^'^TiLZT''  ''  two  weaker  lateral 
longitudinal  cords, 
which  are  themselves  connected  with  two  doreal  ^°-  its.— Nervoiw  ijiteni 
trunks  (Fig.  178).  Eye-spots  with  refractive  (iftar  b.  o.mnnj.  ir. 
bodies  are  sometimes  present  on  the  larvae  ^^'"l^ut,^"'"^ 
during  their  migration,  ami  in  many  of  the  As  donni  nant;  bx 
ectoparaaitic  forma.  »-mt™i  atnt. 

Locomotion  is  effected  by  the  dermo-muscular  system,  with  the 
co-oi>eration  of  the  oi^ans  of  adhesion  {stickers  and  hooks)  which 
present  numerous  modifications  in  niimber,  form,  and  arrangement. 

The  OTgEUiB  of  adbesios,  in  size  and  development,  are  related  to 
the  endopamsitic  or  ectopamsitic  mode  of  life.  In  the  endo- 
parasitic  Trematoiles  they  are  less  develo]>ed,  and  usually  consist 
of  the  oral  sucker  and  of  a  second  larger  sucker  on  the  ventral 
surface,  either  near  the  mouth  as  in  DUtomum,  or  at  the  opposite 
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end  of  the  body  {Amphistomum).     The  large  Bucker  may  however 

be  absent  (Monoetoiitum).     The  ectoparasitic  forms  are,  on  the  other 

hand,  distinguiehed  by  a  much  more  powerful  adhesive  armature ; 

for,  besides  two  small  suckers  at  the  sides  of  the  mouth,  they  possess 

one  or  more  large  suckers  at  the  posterior  end  of  the  body  (Fig.  185), 

which,    moreover,    may   be    supported   by  a    chitinous   framework. 

There  are  often  in  addition  chitinous 

hooks,    and    very    frequently    two 

larger   hooks  among   the  posterior 

suckers    in    the   middle    line    (Fig. 

185).     In  the  Tentnoeejikalulae  the 

anterior  suckers  are  replaced  by  a 

group  of  tentacles,  and  in  the  ^s^n- 

'loeotylea  the  adhesive  apparatus  is 

a  kind  of  largo  ventral  foot  bearing 

Keprodactive  organs.  The 
Trematoda  are  mostly  hermaphro- 
dite.* As  a  rule,  the  male  generative 
opening  and  the  uterine  opening  of 
the  female  are  side  by  side  or  one 
behind  the  other,  not  far  from  the 
middle  line  of  the  ventral  surface, 
near  the  anterior  end  of  the  body 
(Fig.  179).  The  openings  may  be 
separate,  or  they  may  lead  into  a 
genital  cloaca  which  opens  by  the 
single  tjenitai  pore.  The  male  open- 
ing leads  into  a  sac,  the  eirrue  sac, 
which  encloses  the  protrusible  ter- 
minal part  {penis  or  cimu)  of  tlie 
vas  deferens.  The  vaa  deferens  soon 
divides  into  two,  which  lead  back 
to  the  two  large  simple  or  multi- 
lobed  —  in     Distotnum     hepaficum 

much   branched — testes.      Both    testes  and   ovaries  are,  as 
placed  between  the  two  limbs  of  the  intestijie. 

The  female  organs  consist  of  a  convoluted  uterus  and  of  an  ovary 
and  paired  yolk-glands,  to  which  may  be  added  a  special  shell-gland. 
no  other  Digcnea  are 
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The  ovary  may  be  rounded  (Fig.  185)  or  branched  (Fig.  179);  the 
yolk-glands,  which  secrete  vitelline  matter,  are  much  branched 
tubular  glands  occupying  the  sides  of  the  body  (Fig.  179).  The 
oviduct,  after  receiving  the  ducts  from  the  yolk-gland,  is  continued 
as  the  convoluted,  somewhat  dilated,  uterus  which  opens  near  the 
male  opening.  The  shell-gland  is  placed  round  the  junction  of  the 
oviduct  and  vitelline  ducts,  or  round  the  first  part  of  the  uterus. 
Here  the  egg  is  fertilised,  and  the  vitelline  particles  come  into 
contact  with  the  ova.  In  the  Heterocotylea  {Polystomeae)  the  part 
of  the  uterus  into  which  the  oviduct  opens  is  dilated  and  called  the 
ootype.  Here,  or  in  the  beginning  of  the  uterus  if  there  is  no 
ootype,  each  ovum  acquires  its  investment  of  yolk,  and  is  surrounded 
by  a  strong  shell;  it  is  then  ready  to  be  passed  out  through  the 
opening  of  the  uterus. 

In  a  great  many  Trematodes,  if  not  in  all,  there  is  a  special  paired 
or  unpaired  canal,  called  the  canal  of  Laurer,*  which  opens  externally 
in  the  dorsal  middle  line  {Distomum),  or  laterally  through  two  warts 
on  the  sides  of  the  body  (Polystovrnm,  Fig.  185),  and  internally  into 
the  oviduct  where  it  joins  the  yolk-ducts,  or  into  the  yolk-ducts  near 
this  point.  This  canal,  certainly  in  some  cases,  probably  in  all,  is 
functionally  a  vagina,  and  serves  for  the  entrance  of  the  spermatozoa  re- 
ceived in  copulation,  or  otherwise,  from  another  individual.  In  some 
genera  {Polystomum^  Diplozoon,  Odohothrium)  there  is  a  duct  (vitello- 
intestinal)  connecting  the  oviduct  with  the  intestine.  It  appears  to 
serve  the  purpose  of  canying  the  sui)erfluous  yolk  into  the  intestine. 

The  so-called  ttiird  vas  dtfcrens,  as  a  tube  connecting  the  vas  deferens  with  the 
oviduct,  appears  not  to  exist.  It  is  probable  that  the  vitello-intestinal  canal 
(and  possibly  the  canal  of  Laurer)  have  been  mistaken  for  a  tube  connecting  the 
oviduct  ^^•ith  the  male-duct  in  such  a  way  as  to  permit  of  self-fertilization. 

The  function  of  Laurel's  canal  is  in  some  doubt.  It  has  very  generally  been 
interpreted  as  a  vagina,  but,  excepting  in  PolysUnnum  iiUegerrimum,  in  which 
two  worms  have  been  detected  in  reciprocal  copulation,  with  their  male  generative 
0{)ening8  applied  to  one  of  its  openings  in  the  other  worm,  the  apposition  of  the 
penis  to  it  has  never  been  observed.  On  the  other  hand,  in  the  Distomic  (digc- 
netic)  division  reciprocal  copulation  with  the  j^enis  of  one  worm  inserted  into 
the  uterine  opening  of  the  other  has  been  observed  in  some  forms,t  and  in  one 
caset  the  penis  of  one  individual  was  found  to  be  inserted  into  the  adjacent 
opening  of  its  own  uterus.  These  latter  cases  point  to  the  view  that  the  uterus 
functions  as  vagina.  Then  the  question  arises,  what  is  the  function  of  the  canal 
of  Laurer  ?   It  has  been  suggested  that  its  function  is  to  carry  off  the  superfluous 

•  J.  Fr.  Laurer,  DisquisUiones  amitomica^  dc  Amphistomo  conico^  1880,  4®. 
t  Holostomum  serpens,  Monostomum  faha,  Distomum  clavigerum,  D.  cylin- 
draceum, 

X  Distomum  cirrigerum. 
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yolk.  This  view  is  not,  however,  borne  out  by  an  examination  of  its  contents, 
which  are  often  spermatozoa,  though  sometimes  yolk,  and  even  ova.  Some 
obeervers  hold  that  the  single  canal  of  the  digenetic  forms  is  not  homologous 
with  the  two  canals  of  many  monogenetic  forms,  but  with  the  vitello-intestinal 
canal,  which  is  not  present  in  the  Digeiua, 

On  the  whole  we  incline  to  the  ^iew  that  the  canal  of  Laurer,  whether 
doable  or  single,  is  in  all  cases  homologous,  and  serves  for  the  entrance  of 
spermatozoa  to  the  female  ducts,  when,  as  is  often  the  case,  the  uterus  is  full 
of  ova.  It  may  be  that  in  some  cases  the  penis  is  used,  like  that  of  the 
Turbellariat  for  hypodermic  injection  of  spermatozoa  ;  but  as  a  general  rule  the 
thickness  of  the  cuticle  and  the  isolation  of  the  individuals  will  prevent  this ; 
again,  sometimes  the  penis  may,  moi*e  or  less  accidentally,  find  its  way  into  the 
opening  of  its  own  uterus,  or  into  that  of  another  worm  ;  but,  as  a  general  rule, 
the  parasites  being  not  contiguous,  and  having  but  little  power  of  locomotion, 
the  spermatozoa  are  discharged  into  the  cavity  in  which  the  parasite  is  lodged. 
The  testis  being  veiy  large,  the  number  of  spermatozoa  so  discharged  is  probably 
very  great,  so  that  they  spread  over  the  whole  surface  of  the  infected  organ,  to 
which  other  parasites  of  the  same  species  are  affixed.  Some  of  them,  therefore, 
are  sure  to  reach  the  body  of  other  individuals,  and  to  pass,  by  their  own  move- 
ments, into  the  opening  of  the  canal  in  question. 

That  some  kind  of  haphazard  impregnation  of  this  kind  is  the  rule  in  Trematoda 
is  rendered  almost  certain  by  the  relatively  enormous  size  of  the  testis.  On 
this  view  the  penis  must  be  regarded  as  a  vestigial  organ,  with  little  or  no 
function  under  the  present  conditions  of  life. 

Although  the  so-called  internal  or  third  vas  deferens  does  not  exist,  self- 
impregnation*  seems  in  some  cases  to  occur.  For  in  some  species  solitary 
specimens  have  been  found  with  spermatozoa  in  the  female  passages  {e.g., 
Polystomum  integerrimum,  Distomum  agamos  encysted  in  Oammarus  pulex). 
This  self-fertilization  may  have  been  effected  by  the  insertion  of  the  penis  into 
the  opening  of  the  uterus,  but  probably  it  has  luore  often  been  effected  in  the 
manner  above  suggested. 

The  egg-shell  is  usually  in  two  parts,  a  small  piece  being 
separated  by  a  suture  from  a  larger,  and  constituting  the  oper- 
culum. In  the  ectoparasitic  forms  it  is  often  prolonged  into  a 
filament  at  one  or  both  poles  of  the  egg,  which  filament  serves  for 
the  attachment  of  the  egg  (Fig.  188).  Filaments  are  only  rarely 
found  in  the  endoparasitic  forms. 

The  eggs  of  the  endoparasitic  forms  are  smaller  and  more 
numerous  than  those  of  the  ectoparasitic  division.  The  early 
stages  of  development  are  sometimes  passed  through  in  the  uterus, 
but  in  some  cases  the  segmentation  does  not  begin  till  after  ovi- 
position.  Most  Trematodes  lay  their  eggs,  but  a  few  are  viviparous 
(Gyrodactylvs), 

The  just  hatched  young  either  possess  (in  most  ectoparasitic  forms, 
Heterocotylea)  the  form  and  organisation  of  the  parent  (Fig.  186), 

•  A.  L0088,  "Beitrage  z.  Kenntniss  der  Trematoden,"  Z,  /.  w.  Z,  41,  1885, 
p.  420-427. 
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in  whitli  case  there  is  no  intennediate  host  and  no  alternation  of 
generations :  such  forms  are  monogenetic,  and  are  mostly  ecto- 
parnaites;  or  they  liave  the  fonn  of  ciliated  larvae  {Miracidium) 
whifh  pass  into  an  intemiediute  host,  and  eventually  become 
transformed  into  the  atUUt  witlioiit  alternation  of  generations: 
such  forms  arc  monogenetic  and  metastatic,  and  are  endopurasites ; 
or  they  undergo  a  change  of  liost  and  present  the  phenomenon  of  a 
complicated  alternation  of  generations,  in  which  the  raimeidium  lon-a 
(levelopB  into  an  asexual  form  which  reproduces  itself :  such  forms  are 
called  dlgenetic,  and  are  all  endoparosites.  In  the  monogenetic  forms 
the  relatively  large  eggs  become,  in  most  cases,  attached  on  the  place 


1.  ISO.— EiiibrjoDlc  <)<!vd1iii)i 
•rtcr  faarclenlug  in  picric  idil 
UMd  up  by  tho  piiibrjoiiic  ce 


c,  later Httge.  /,n  rlpt-imbryojiial  bofurc 
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where  the  mother  lives,  and  the  young  are  hatched  out  as  non-ciliated 
or  partially  ciliated  forms  {PohjMomum  it)te;/errmuiii  has  transverse 
rows  of  cilia  at  hatching,  I'lg.  Ifi6).  In  the  case  of  the  metastatic 
and  digenetic  forma  the  eggs  (relatively  small  in  the  Digenea)  are 
deposited  in  a  damp  place,  usually  in  the  water. 

In  the  Ditjeuea*  the  ovum  is  placed  next  the  operculum — the 
pole  of  tlie  egg  where  the  anterior  end  of  the  future  embryo  will 
be  formed  (Fig.  lt<0,  E).  It  undergoes  a  total  cleavage  and  gives 
rise  to  a  solid  cell-ma-ss,  from  the  surface  of  which  is  differentiated 
a  cellular  membrane  (Fif;.   180,  H),  which  lines  tho  shell  and  is 
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left  beliiiid  at  hatching.  ^Benenth  this  there  is  formed  a  second 
membrane  {£c),  which  gives  rise  to  the  ectoderm  of  the  jusb-liatched 
larva;  this  is  ciliated  in  some  forms  (D.  hejyaticum.  Fig.  182),  hut 
iu  others  it  develops  a  stout  cuticular  layer  {D.  fereticoUe,  Fig. 
180,  e,  Ee). 

Tlie  peripheral  cells  of  the  contained  cell-niasa  now  differentiate 
a  third  memhrane  of  flattened  epithelial  cells,  while  of  the  remaining 
cells  those  at  the  head  end  give  rise  to  the  rudiment  of  the  alimentary 
canal — the  others  becoming  the  germ  cells  of  the  larva.  The  embryo 
is  now  hatched,  and  becomes  a  small  free  larva — the  Miraeviiuin. 
This,  which  may  be  ciliated  (Fig.  182)  or  non-ciliated,  or  even  pro- 
vided with  stiff  bristles  (D.  iereficol/e,  D.  or.ocawlatuni),  has  n 
contractile  body  and  often  an  x-sliaped  eye-spot;  it  is  also  provided 
with  excretory  canals  in  its  walls,  and  in  cases  in  which  the  structure 
has  been  fully  examined,  a  sucker  with  a 
mouth  opening,  intestine,  and  a  ganglion 
can  be  made  out  (Fig.  181).  Further, 
between  the  intestine  and  the  body-wall 
there  are  some  ovadike  cells— the  germ 
cells. 

This  larva  leaves  the  egg  and,  if  ciliated, 
wanders  about  independently  in  search  of       ^"'-  i si —Anterior  pole  of  ■□ 

'  *  «gK  of  thfl  lIx'er.Anke  with 

a  host,  through  the  body-wall  of  which  it  riiiLy  dev«iopeii  eTiibiro.  id 

bores  its  way :   if  non-ciliated  it  is  taken  optio»i  Motion.  The  probo«- 

^  '  cLk,  wit»  iiioDth^  oesopbofcua. 

Up  by  the  new  host  in  its  food.  iini  intenine,  the  gnngiiau 

Sometimes  the  unhatched  c^  is  swal-  i!Meta«),'"  *'•'"'(     ■■ 

lowed  (D.  lanceolalum)  and  the  larva  is 

set  free  in  the  alimentary  canal.  In  any  case  the  lari'a  makes 
its  way  into  the  tissues  of  its  host,  which  is  a  mollusc,  usually 
a  water-snail,  and,  casting  its  cuticularized  or  ciliated  skin,  becomes 
a  eporoeygt  or  a  reilia.*  The  sporocyst  (Fig.  1H2,  h)  is  a  liollow  sac 
with  excretory  cauola  in  its  wall,  and  containing  in  its  cavity  a 
number  of  genii-rells;  a  r&Ha  (Fig.  182,  c)  is  like  a  sporocyst  except 
that  it  contains  a  mouth  at  one  end  and  an  intestine,  and  two  lateral 
processes  near  its  hind  end ;  it  likewise  contains  a  cavity  with  germ- 
cells.  The  germ-cells  of  these  organisms  develop  into  more  sporocysts 
or  rediae,  or  into  Cercariae.*  The  Cercariae  are  young  Trematodes, 
which  eventually  reach  (often  only  after  two  migrations,  an  active 

'  The  miracidium  generally  becoinvs  a  aporocjnt,  rarely  a  redia  {MonoMomum 
flavuHi  and  mutnbile).  Tlie  aporocyst  may  produce  oth*r  s[iorocjats  (Z>.  cyg'ioides), 
or  Cercariae  direet,  but  genei'ally  givsA  riiie  to  rediae  [D.  hepalicuin,  Diylodixaa 
njidataita),  which  produce  the  Cercariae. 
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and  a  passive  one)  the  final  host,  where  they  become  sexually  mature. 
They  are  furnished  (Fig.  182,  (I)  with  an  exceedingly  motUe  caudal 
apjiendage,  frequently  with  a  buccal  spine,  and  occasionally  with  eyes, 
and  they  present  in  the  rest  of  their  organization  great  resemblances 
to  the  adult,  excepting  that  the  generative  oi^ns  are  not  developed. 
In  this  form  they  make  their  way  out  of  the  body  of  the  retOa 
or  sporocyst,  and  of  their  host,  and  move  about  in  the  water, 
partly  creeping  and  [wrtly  swimming.  Here  they  either  perish 
oi   find   a  now   host   {snail,    worm,    insect    larva,   crustacean,   fish, 


■,  JIT  K«n 


ilt'hiatory  ot  DMomiim  litpatiaim.  a,  Illncti]liun<i!llLit«len>t>iyo}, 
IB  It  (nflEr  Leuckiirt).  c,  mils  (urter  Thonus);  D  oat,  C  Csicuia, 
d,  Cercirt*  (iftBi  Thoinis). 


batrachian),  into  which  they  penetrate  aided  by  the  powerful  vibia- 
tione  of  their  tails ;  they  then  lose  the  tail  and  encysL 

The  Cercw-iae  thus  Income  distributed  amongst  a  number  of  hosts, 
and  in  each  case  give  rise  to  an  encysted  form,  which  only  difiers 
from  the  adult  in  being  without. generative  organs.  This  young 
■  Trematode  migrates  passively  with  the  flesh  of  its  host  into  the 
stomach  of  another  animal,  ond  thence,  freed  from  its  cyst,  into 
the  organ  (intestine,  liver,  etc.)  in  which  it  becomes  sexually 
mature. 

There  are  then,  as  a  rule,  three  different  hosts,  in  the  organs  of 
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which  the  different  stages  (miracidium,  epOTOcyst,  rcdia,  encj^ted  form, 
sesually  mature  animal)  of  tlie  digenetic  Trematoda  are  buried. 

The  transitions  from  one  host  to  another  are  effected  partly  by 
independent  migration  {Mircfidium,  Cercaria),  partly  by  passive 
migration  (encyated  sexless  adult).  Modifications  of  the  ordinary 
course  of  development  may,  however,  take  place ;  these  may  be 
either  complications'  or  simplifications.  The  embryo  at  hatching 
may  contain  a  single  reiiia  {as  in  Monostomum  Jtavum  and  mutahile), 
which  it  carries  about  till  it  enters  the  first  host  (Fig.  184,  h).  In 
some  cases  the  course  of  development  is  simplified  by  the  omission 
of    the   second   intermediate    host,    viz.,  that    whidi    contains    the 

encysted    immature 

Trematode  (Cercaria 

viacrocerca    of    DU- 

tomum  eygnoides ; 

also  LeucocMorpfium, 

the  sporocyst  of  Dis- 

tomum  maeroglojiium, 

in   the   tentacles    of 

Saccinea    amphibia ; 

D.   hepatieum,    in 

which    the    Cercaria 

encysts  upon  a  blade 

of  grass).     In  other 

cases  the  sporocysts 
183.-A  sporacyii  produce  rediae,  which 
«  "8*1^%™.  produce  Cercariae  or 
GwoiiH.  more  rediae   {D.  he- 


rn). 


■o.  184.— a,  MinctdLon 
■mbryo)  at  Dijil^iKiit  (Amphi- 
aemum)  lubrlavaliu  (■ttcr  0. 
WngBnotX  D  iDteitlne ;  Ex  ei- 
cntorj  veiKli,  b,  HIncldlnn. 
of  JVinwdiniiiiiii  vnilaMIe  {liter 
r.  SieboldX   f  BTB-ipat ;  R  ledia. 


Further,  there  are  unencysted  young  Distoma  which  never  be- 
come sexually  mature  in  their  host  (e.ij.  in  the  lens  and  vitreous 
humour  of  the  vertebrate  eye,  in  the  jelly  of  Coelenterates).  On 
the  other  hand  encysted  forms  are  known  (Disfomuiii  afjamog  of 
Ganmiarids)  which  are  sexually  ripe  and  produce  eggs  ivitliin  the 
cyst  (1  self-inTpregnation).  The  sporocyst  may  increase  by  division 
(e.3.  the  sporocyst  of  Cercaria  minuta).  The  tail  of  the  Cercaria 
may  become  transformed  into  a  sporocyst,  and  after  detachment 
produce  a  brood. 

Many  forms  possess  great  adaptability  to  changed  conditions  of 
lite,  e.g.  D.  echinatum,  which  proceeds  fi»m  Cercaria  echinata  of 
Ptdudina  vivipara  and  normally  infests  the  intestine  of  the  Duck 
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and  of  water  birds ;  it  can,  however,  attain  maturity  in  the  intestine 
of  the  Dog,  Mouse,  and  Rat. 

If  we  summarise  the  development  of  the  endoparasitic  Trematodes 
we  get  the  following  results  : 

(1)  Development  with  a  non-ciliated  larva,  which  changes  direct 
into  the  sexual  animal.  No  intermediate  host,  but  transference  to 
another  individual.     Aspidogastei'  and  its  allies. 

(2)  Development  with  ciliated  larva,  which-  enters  other  animals 
(Molluscs,  Hirudinea,  Fishes,  Amphibians,  Mammals),  there  encysts,  and 
takes  on  a  second  larval  form  (metastatic  Trematodes).    Holostomulae. 

(3)  Development  with  ciliated  or  non-ciliated  larva  (Miracidium), 
which  passes  actively  or  passively  into  another  animal  (Mollusc), 
in  which  it  becomes  transformed  into  an  asexual  form  (sporocyst 
or  redia),  which  produces  Cercariae  either  directly,  or  after  the 
formation  by  internal  budding  and  rarely  by  fission  of  more  asexual 
forms.  These  are  the  larvae  of  the  adult  sexual  animal,  and  they 
usually  migrate  into  another  host  (Mollusc,  or  Crustacean,  Insect, 
Fish,  Amphibian,  and  even  ^lammal),  where  they  lose  their  larval 
organs  and  encyst.  Here  they  remain  until  they  are  passively 
transferred  into  the  alimentary  canal  of  tlieir  permanent  host 
(almost  always  a  Vertebrate),  in  which  they  become  sexually  mature 
(digenetic  Trematodes).     Most  Mcdacotylea, 

The  life-cycle  of  the  digenetic  Trematoda  must  l>c  looked  ujion  as  an  alterna- 
tion of  generations  of  the  variety  called  heterogamy.  That  is  to  say,  the 
alternation  is  between  a  sexual  generation  (the  so-called  adult)  and  one  or  more 
parthenogenetically  producing  generations  (sporocyst,  redia).  The  Miracidium. 
is  a  larva  which,  becoming  parasitic,  loses  its  gut,  nervous  system,  etc.,  and 
degenerates  into  a  sporocyst,  or  more  rarely  a  redia.  The  siwrocyst  or  redia 
possesses  a  kind  of  diffuse  ovary  in  the  germ-cells,  which  develop  either  into 
rediae  or  Cercariae  (see  above,  p.  229).  The  redia  is  very  similar  to  the  sporocyst, 
but  is  not  so  degenerate.  The  Cercaria  is  simply  the  larva  of  the  final  stage ; 
it  possesses  special  larval  organs,  e.g.  tail  and  spine,  which  however  may  l)e 
absent  in  cases  in  which  they  are  not  reipiired  ;  t.g.  MaerosUnnum^  in  which  the 
migration  of  the  Cercaria  into  its  final  host  is  a  passive  one. 

On  this  view  the  germ-cells  of  the  sporocysts  and  rediae  are  ova,  and  from 
what  is  known  of  the  development  (see  p.  229),  they  seem  to  be  set  apart  at  an 
early  stage  (the  end  of  cleavage).  Some  ol)servers  hold  the  view  that  we  have 
to  do  here  with  a  kind  of  embryonic  fission  at  a  very  early  stage,  the  divided  oflF 
cells  remaining  latent  for  some  time,  and  only  developing  later  into  sporocysts  or 
rediae.  But  whatever  view  be  taken  of  the  reproduction  of  the  sporocysts  and 
rediae,  there  are  two  facts  to  be  noted  with  regard  to  it ;  (1)  it  starts,  as  does 
sexual  reproduction,  from  a  one-celled  stage,  and  (2)  the  i)ha8e8  of  the  develop- 
ment of  the  so-called  germ-cells,  whether  into  rediae  or  Cercariae,  seem  closely 
to  resemble  what  is  known  of  the  development  of  the  fertilised  ovum  into  the 
Miracidium. 


Order  1.  Hetbrocotylka  =  Mokooenea. 
Body  variously  eliaped.  Anterior  end  with  or  without  suckers; 
hind  end  always  with  n  suctorial  organ.  The  ectcxlennal  epithelium 
is  transformed  into  a  cuticular  layer  eseept  in  the  TemnoeephaluJae 
and  in  the  lateral  suckers  of  the  TriMowiilae.  Eyea  are  present, 
Tlie  openings  of  the  excretory  organs  are  usually  paired,  dorsal  and 
anterior ;  rarely  singlp  and  [wsterior.  Always  hermaphrodite ;  male 
and  female  openings  separate  or  united, 
ventral  and  usually  anterior.  A  paired  or 
unpaired  vagina  is  generally  present,  opening 
ventrally  or  laterally,  or  more  rarely  dorsally. 
Reproduction  sexual ;  development  direct, 
without  metagenesis  or  lieterogamy.  For  the 
most  part  external  parasites,  on  the  integu- 
ment, or  in  the  mouth,  nnsat  piassages, 
hntnchial  cavity,  in  some  cases  in  the  urinary 
bladder,  of  Fishes,  Amphibia,  Reptiles,  and 
Crustacea.  They  are  usually  hatched  in  the 
locality  inhabited  by  tlie  mother.  Some- 
times the  development  is  a  metamorphosis, 
and  the  young  live  in  another  place, 

Tlie  ilavelopment  of  Folyatnminn  inUgerriiaiim, 
l^rwitic  in  the  bladdpr  or  tliG  frug,  is  tlie  licst 
liDowQ,  owing  to  the  reseanlies  of  E.  Zeller*  (Fig. 
1S6).  The  production  of  eggs  begius  id  Uie  spring, 
when  the  frog  awaksna  from  its  wintrr  sleep  and 
proceeds  to  pair.  It  lasts  from  three  to  four  weeka. 
It  ia  easy  then  to  obaen'e  the  Polijsleina  in  the 
process  of  reciprocal  copulation.  When  the  eggs 
are  being  laid,  tlie  parasite  forcca  the  anterior  end 
of  the  body  with  the  geuital  opening  through  the 
inouth  of  the  bladder  nearly  as  far  na  the  anus. 
The  development  of  the  emlirjo  takes  place  in 
vater,  and  occu^iies  a  period  of  some  weeka,  so 
that  the  young  larvae  are  not  hatched  until  the 
tadpoles  have  acquired  internal  gilla.  The  larvae 
(Fig,  186)  are  Gyrodactylus-like,  and  jioaseaa  four 
eyea,  a  pharynx  and  alinientary  canal,  lu  well  aa 

t  posterior  disc  for  attachment,  which  ia  surrounded  by  sixteen  hooks.  They 
jwaaess  live  tranaverae  rows  of  cilia,  three  are  ventral  and  anterior,  two  dorsal 
and  posterior.  There  is  alao  a  ciliated  cell  upon  the  anterior  extremity.  The 
larvae  now  migrate  into  the  branchial  cavity  of  the  tadpole,  tose  their  cilia, 
and  arc  transformed  into  young  Folyttoma  by  the  formation  of  the  two  niediau 

•  Z./.  10.  Z.,  22,  1872. 
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hooks,  and  of  tlio  three  pairs  of  auckera  upon  the  posterior  disc.  The  young 
Polystomiiiii,  eight  H'eeka  after  the  migration  into  the  hranchial  cavitj.  at  the 
tioie  when  tlie  latUr  begins  to  abort,  passes  tbroiigli  the  stomach  and  intestine 
into  the  bladiler,  and  there  only  becoiues  sexually  mature  after  three  or  more 
yesr^  In  some  exeeptioi^Si]  caaea,  and  always  wlien  tlie  larva  has  passed  on  to 
the  gilla  of  a  very  young  tadpole,  it  becomes  aeiuallj  mature  in  tlie  branchial 
cavity  of  the  latter.  The  forms  then 
mnain  very  small,  are  without  the 
vaginae  and  utenla,  and  die  after  the 
production  of  a  single  egg,  without 
ever  getting  to  the  bladder. 

Fam.  I.  TanmoMphalidaa.  With 
1  to  12  tentacles  at  tlie  anterior  end. 
and  a  posterior  sucker  without  hooka 
or  marginal  membrane.  The  integu- 
nient  cotisiata  of  a  cuticle,  epidermis, 
and  basement  membrane ;  in  some 
cases  it  is,  in  part,  ciliated.  There 
are  rhaliditea  in  the  tentacles.  Mouth 
subterminal,  a  muscular  pharyni  (ab- 
sent in  C'riupatdla),s.ad  an  unbTaJich«l 
iiiteatiue.  A  jiair  of  contractile  ex- 
cretory sacs  opening  anteriorly  and 
dorsally.  Genital  pore  single,  ventral, 
and  posterior  ;  it  leada  into  au  atrium, 
IB  and  the  penis.  Eggs  with  stalk-like 
sttKched.     They  live  as 


which  receives  the  opening  of  tli 
appendages,  by  means  of  which  they 


external  jiarositea  on  Criislaem,  Ckelonin,  and  Molluxa  of  fresh  waters,  and 
fowl  on  Infusoria,  small  insei't-larvae,  Rotifers,  and  Crustacea.  They  have  been 
found  in  Anatralia,  New  Zealand,  Malay  Ai-chiiielago,  S.  America,  India,  and 
may  be  regarded  as  connecting  links  between  the  TurbelloTia  and  TTemaledn. 
TaarUKepbala  Blanchard  :    CniipaUUa  Iloswell. 

Fam.  2.  Triitomatidae.  With  flattened,  discoidal,  or  elongated  body  ;  with 
two  lateral  anteriorly -placed  suckers,  and  one  large  jmaterior  sucker,  often  pro- 
viited  witli  radiations  aud  hooks.  Tarasitic  on  the  skin  or  the  gilla  of  marine 
tishes,  or  on  the  bodies  of  parasitic  marine  Cnistocea. 

Sub-fani.  I.  Triatomidae.  With  flat  body,  two  suckers,  and  a  large 
ventral  sucker ;  genital  opening  and  opening  of  vagina  uaually  on  the  left. 
On  the  akin  and  gilts  of  marine  ashes.  NUzschia  v.  Baer;  Bpibdella 
Blaiuv. ;  PhylUmella  v.  Ben.  and  Hesse ;  Tradwpiis  Dies. ;  PlaciiTiella 
V.  Iten.  and  Hesse;   Tritlomiim  Cuv.;  AcanlhoeotyU  Montic;  EneotytlaU 

Sub-fam.  2.  Konoootjlidae.  With  Hat  body.  Without  lateral  sucken, 
with  small  ventral  sucker.  Genital  opening  median,  vagina  pured.  On 
skin,  gills,  or  in  cloaca  of  marine  tishes.  Paciidorotylt  Ben.  and  Hesse ; 
CntitoiyU  Dies.;  MonoailyU  Tschbg. 

Siili.fani.  3.     Udonsllldae.     With  cylindrical  body,  with  lateral  suckers, 
and  large  simple  ventral  sucker.    On  )«rasitic  Crustacea.    UdonHIn  JoliDst. ; 
Schiiulla  v.  Ben.  and  Hesse ;  PUroncUa  Ben.  and  Hesse. 
Fam.  3.     rolyitomatidM.    U'ith  a  more  or  less  distinctly  marked-oCf  odbeaive 
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organ  at  the  hind  end,  bearing  snckera  and  hooks ;  usoall;  with  two  oral  auclcora. 

On  the  gills  of  Gshea,  in  Amphibia  and  Reptiles  on  the  skin,  nawl  psssag«B,  or 

bladder. 

Suh-fam.  1.  OfltMotrlidM.  With  two  omi  suckers  &nd  genital  hooks  ; 
adhesive  organ  irith  4,  uanally  S  small  suckers.  On  the  gilU  of  marine  and 
f.w.  tiah.  Oeloboihriiim  Leuek. ;  Pleuroeeiyte  Gerv.  and  Beii.i  Diplozooa 
V.  Nordm.  (Fig.  187).  The  animal  is  double,  two  individuals  being  fused 
to  fomi  an  x.sliaped  douhle  animal,  the  posterior  ends  of  which  are  provided 


1. 1B7.— Young  Dtfliaom  (gfler  Zf 

U«).    B.  two  young  Dip-.n"'  beginning 

KlTes  togelhor ;  t,  afler  compliiUi 

MplUi ;  G  tenlml  .ucHer. 

with  tvo  large  suckers  divided  into  four  pits.  In  the  jonng  state  the; 
live  solitarily  as  Diporpa  ;  tliej  then  possess  a  ventral  sucker  and  a  dorsal 
papilla  (Fig.  1S7,  if).  The  Diporpa  is  without  generative  organs  ;  these  are 
not  formed  until  after  it  has  fused  with  another  Diporpa  to  form  the 
x-shaped  Dipliaoon  <Fig.  187,  b).  The  production  of  ova  is  confined  to 
a  delinite  period  of  the  year, 
Qsuallj  the  spring.  The  eggs 
are  laid  singly  alter  the  forma- 
tion of  the  thread  by  which 
they  are  attached,  and  two 
weeks  later  the  embryo  (Fig. 
18S),  which  only  differs  from 
Diporpa  in  the  possession  of 
two  eye  -  spots  and  a  ciliated 
•ppAratus  upon  tlie  sides  and 
on  the  jiosterior  extremity  of 
the  body,  is  hatched.  'K'hen 
an  opportunity  of  fixing  itself 
on  the  gills  of  a  fresh-water 
fish  occurs,  the  young  animal 
loaes  its  cilia  and  becomes  a  Diporpn,  which  posseases  the  characteristic 
apparatus  for'  attachment,  and  sucks  the  branchial  blood.  The  junc- 
tion of  two  Diporpoe  can  now  take  place ;  this  is  not  eflected  as  wsa 
fomietly  believed,  by  the  fusion  of  the  two  ventral  suckers,  but  in  such 
a  manner  that  the  ventral  sucker  of  each  animal  affiles  itself  to  the  dorsal 
pipilU  of  the  other,  and  fuses  with  it  (Fig.  1S7,  b).  In  this  fusion  the 
Tas  deferens  of  the  one  animal  is  directly  connected  with  the  opening  of 
the  vagina  of  the  other.  D,  pnrndoxum  v.  Nord.,  on  the  gilts  of  many 
freah-water  fish,     Anlhoeolyte  Ben.  and  Hesse ;   Valluia  Ferugia-Parona; 


ViJ^^ 


236  PLATYHELMINTHE8. 

Phyllocotyh   Bon.   and   Hcssc  ;    Hexiicotyle  Blainv. ;   Platycotyle  Ben.   and 
Hesse ;  PlecUmocotyh  Dies. 

Sub-fam.  2.  Folyitoxnidae.  Without  oral  suckers  and  larger  genital 
hooks.  Adhesive  disc  usually  with  6  suckers,  and  with  hooks.  On 
the  gills  of  ni.  fishes,  on  the  skin,  gills,  or  in  the  bladder  of  Amphibia  or 
Rt'ptiles.  Polystomuin  (Fig.  185)  Zeder ;  OnehocolyU  Dies. ;  ErpoeotyU 
Ben.  an<l  Hesse  ;  Diplobothrium  Lcuck.;  Sphyranura  R.  Wright. 

Sub-fam.  3.  Mioroootylidae.  With  two  oral  suckers,  and  with  genital 
hooks.  Adhesive  disc  with  numerous  suckers.  On  gills  of  m.  fishes. 
Microcotyle  Ben.  and  Hesse ;  GastrocotyU  Ben.  and  Hesse ;  Axine  Abildgaard ; 
PseadUixine  Par.  and  Per. 

Sub-fam.  4.  Oyrodaetylidae.  Usually  without  oral  suckers.  Anterior 
end  with  2  or  4  cephalic  lappets,  or  with  sucker-like  membrane ;  excretory 
organs  opening  at  the  hind  end  ;  adhesive  disc  usually  with  small  radially 
arranged  hooks,  and  2  or  4  larger  central  hooks,  without  suckers.  Repro- 
duction by  eggs  which  are  either  laid,  or  develop  w-ithin  the  mother  into 
a  young  form  which  may  itself  produce  a  second  generation  while  still  iu 
the  parent,  v.  Siebold  believed  that  he  had  observed  a  young  animal 
developing  from  a  germ-cell  of  Gyrodactylus^  and  that  this  became  pregnant 
during  its  development.  He  regai-detl  the  Oyrodaclyltts  as  an  asexual  form 
since  he  failed  to  find  organs  for  the  production  of  sperm.  G.  Wagener, 
however,  showed  tliat  the  repro<luctiou  is  sexual,  and  conceived  the  idea 
that  the  germs  from  which  the  second  and  third  generations  are  formed  are 
derived  from  the  remains  of  the  fertilized  ovum,  from  which  the  first 
generation  is  formed.  Metschnikoff  too  is  of  the  opinion  that  the  individuals 
of  the  first  and  second  generations  are  formed  at  the  same  time  from  a 
common  mass  of  similar  embryonic  cells.  On  gills  or  integument  of  fishes. 
Cdlceostomti  Ben.  and  Hesse  ;  Gyrodadylus  v.  Nordm.,  O,  elegants  v.  Nordm., 
from  the  gills  of  Cyprinoids  and  f.w.  fishes ;  DaUylogyriis  Dies.;  Tclnwnchus 
Dies. ;  AmphiMcWt  Chatin  ;  Diplectanam  Dies. 

Order  2.     Aspidocotylba. 

Body  very  variously  sliaped.  Adhesive  apparatus  ventral,  lai^ge, 
round,  oval,  or  elongated,  more  or  less  distinctly  marked  off  from  the 
body,  and  possessing  numerous  suckers  arranged  in  one  or  several 
rows,  without  annature:  Mouth  tenninal  or  sub-tenninal  without 
oral  sucker;  oesophagus  short,  with  a  more  or  less  developed  pharynx; 
intestine  saccular.  Genital  jwre  median,  ventral,  anterior  to  adheaive 
organ ;  penis  sheath  oi)ens  into  widened  end  of  uterus,  which  is 
much  coiled ;  usually  one  testis ;  Laurer's  canal  absent ;  yolk-gland 
paired.  Kggs  without  filaments.  Excretory  oi-gans  open  posteriorly 
by  one,  somewhat  dorsally  i)laced,  pore.  Development  direct  with 
simple  metamori)hosis.  A  ciliated  covering  is  not  developed  during 
the  embryonic  development.  Parasitic  in  the  alimentary  canal 
and  gall  bladder  in  Chelonia  and  fishes,  and  in  different  organs 
in  Molluscs. 
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Fam.  Aspidobothridae.  With  the  characters  of  the  order.  Aapidogastcr 
V.  Baer  ;  A.  conchicola  v.  Bacr,  from  the  pericardial  cavity  of  Anodonta  and  Unio, 
Pl<Uyaspis  Mont. ;  Cotylogaster  Montic  ;  Macraspis  Olss. 

Order  3.     Malacotylea  =  Diobnea. 

Body  variously  shaped.  Being  internal  parasites  the  adhesive 
apparatus  is,  as  a  rule,  feebly  developed,  consisting  of  two  suckers, 
one — the  oral  sucker — at  the  anterior  end,  and  the  other  (less 
frequently  present)  on  the  ventral  surface,  or  at  the  hind  end.  An 
armature  of  chitinous  hooks  is  never  present  on  the  posterior  sucker, 
and  only  exceptionally  on  the  anterior  sucker.  Additional  adhesive 
organs  are  occasionally  present  {Holostoinatidae^  AmpTiistoinatvlae), 
Mouth  terminal  or  sub-terminal,  exceptionally  on  the  middle  of  the 
ventral  surface  (Gasterostonium),  almost  always  surrounded  by  a 
sucker;  eyes  exceptionally  present.  Excretory  organs  open  posteriorly 
by  a  terminal  or  dorsal  pore.  Hermaphrodite,  except  Billiarzia  and 
possibly  one  or  two  other  forms.*  Genital  organs  open  close  to  one 
another,  or  into  an  atrium.  Genital  pores  usually  on  the  ventral 
surface  anteriorly,  rarely  placed  posteriorly,  or  laterally,  or  at  the 
front  end.  One  ovary  and  usually  two  testes;  yolk-gland  paired, 
rarely  unpaired.  Laurer*s  canal  usually  present.  Eggs  usually 
without  filaments,  with  operculum.  Life-history  with  alternation 
of  generations  (digenetic,  except  Holostomvlae)  and  more  than  one 
host.  The  sexual  form  is  parasitic  in  the  alimentary  canal,  and  its 
appendages,  of  Vertebrates  t ;  the  asexual  generations  in  MoUusca, 
and  the  encapsuled  larva  in  Invertebrata  and  lower  Vertebrata. 
Insectivorous  birds  are  particularly  infested  by  them.  It  may  be 
of  interest  to  gounnets  to  know  that  the  trail  of  a  woodcock 
largely  consists  of  distomic  Trematodes. 

Fam.  1.  HoloitomatidAe  (Metastatioa).  With  two  suckers,  and  a  peciiliar 
adhesive  apparatus  behind  the  ventral  sucker  on  the  anterior  region  of  the  body. 
Body  divided  into  an  anterior  flattened  and  a  posterior  cylindrical  region  (Fig. 
189).  Genital  organs  in  the  |)osterior  region,  and  genital  ojtening  at  the  hind 
end.  In  the  alimentary  canal  of  birds,  reptiles,  and  mammals,  rarely  in  am- 
phibia and  fishes.     Tlie  eggs  are  large  and  not  very  numerous,  and  hatch  out 

•  Dimorphic  forms  are  found  in  certain  sjjecies  of  MonosUyinnm  and  Distomum 
in  connection  with  the  division  of  labour  of  the  sexual  functions  ;  one  individual 
develops  only  male  organs,  and  the  other  only  female,  the  former  producing 
spermatozoa,  and  the  latter  ova.  The  vestige  of  the  functionless  generative 
gland  undergoes  in  these  cases  a  more  or  less  complete  degeneration.  Such  forms 
are  morphologically  hermaphrodite,  but  practically  of  separate  sexes. 

t  There  are  a  few  exceptions  to  this  rule,  e.g.^  Distomum  Echiuri  in  the 
'  nephridia  of  Echiurus  pallasii,  and  D,  rhizophysae  in  the  gastrovasculur 
apparatus  of  the  siphonophore  Jihizqphysa  cmvifera. 
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as  ciliat^  larvae  (of  the  miracidinm  tjlie),  which  probably  make  their  way  into 
an  intermediate  host  (fish,  amphibian,  molluso,  nwmmal),  In  which  they  develop 
into  a  larva  known  as  Tdraeotyle  (uaually  with  four  auckers).  The  TflraeUylc 
prolnbl;  boconira  directly  transrormed  into  the  adult  when  the  intermediate  host 
is  eaten  by  the  iwrmauent  host.  This  kind  of  development,  in  which  there  a 
a  ctiauge  of  host  but  no  alternation  of  geaera- 
tiona,  is  called  mstaatatio.  Diplontamma 
Brds. ;  PolycUylt  Will,  and  Sehni. ;  Bemi- 
iloMitm  Brda.  (Fig.  1S9) ;  Holoatomim 
Nitzsch. 

Fam.  2.  AmphiatomBtidae.  Digenetic 
formi  witli  two  Biicltera ;  the  posterior  (tod- 
tral)  sucker  is  terminal,  and  on  it  or  just  in 
front  of  it  there  are  sometimes  numerous 
)>a]>illae  or  pits  for  attachment  Genital 
opening  median,  ventral,  in  anterior  third  of 
Indy.  Egga  with  operculum,  without  fila- 
ment. In  alimentary  canal  of  Vertebrata. 
A  mpkitlom  iitn  End. ;  Diptodixta  Diea. ;  Oat- 
troditcia  Cobb.;  Bomalogntler  Poir.;  Qailni- 
thytiix  Poir. ;  Atpidocolylc  Diea. 

Fam.  3.     DUtomatidae.     Digenetic  forms 
with  two  suckers  ;  the  posterior  ancker  is  on 
lentral  surface^     Genital  ojiening  median,  in 
anterior  third  of  body,  anterior   to  veutral 
sucker,  rarely   behind   the  latter  or  lateral 
Eggs  usually  with  open;ulum,  without  fila- 
ment.    Lanrer's  canal  usually   present.     In 
alimentary  canal  and  its  appendagea  of  Verte. 
bralea.      DiaUmwm  Retz.,   D.  hepalieitm  L 
liver-fluke  (Fig.  179) ;  with  conical  anterinr 
end  and  numeroua  spine-like  prominences  on 
the  surface  of  the  broad,   leaf-shaped  body, 
which  is  about  33  mm.  long.     In   the  bile- 
ducts  of  aheep  and  of  other  domestic  animals, 
caosing  ahcep-rot.      It  ia  occasionally  found 
in  man,   and  boi'es  its  way  iiit«  the  portal 
vein  and  into  the  system  of  the  vena  cava 
The  embryo  is  hatched  after  the  ^jg  has  lieen 
some  time  in  water  as  a  ciliated  larva  (Fig. 
IS!),  with  an  x-shaped  eye-spot ;  this  passes 
into  the  water-snatl  Limnaea  truticatula,  and 
there   casts   its   ciliated   skin   and    emerges 
as    a    $paroeyat.      The    sporocyst    produces 
Ttdiat,  which  produce  more  rediae  or  Ctr- 
are  provided  with  long  tails,  leave  the  hoat, 
.  water,  and  then  encyst  upon  foreign  ohjecta, 
lades    of   grass.      In    this    condition   they   are    eaten    by   the   aheep. 
mm  Busk,  perhaps  identical  with  D.  rnUuniUi  Poir.  (Fig.  190)  in  the 
le  of  Chinese.     D.  loneeolatiim  Mehlis,  liody  lancet-shaped,  8-6  mm.  long, 
I  some  place  as  D.  htpalitum ;  the  miracidinm  is  pear-shaped,  ciliated  on 


Dies.,  rrom  the  gat  ot  Lhira  b 
ritliiuU,  Tintnl  view  (from  Broi 
ttttr  Sttaaa).  «.i  omi  iuek. 
K.tl-  ovary ;  CT.  ntenu,  the  op 
Ing  ut  tbe  ul«rui  is  ntlier  lu<l 
tluctly  rcDdeivd,  Jiut  below  i 
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ADtarior  half  of  bod;  only,  and  bears  a  Htjlirorm  apioe  on  the  projectlnf;  apex. 

D.  amiiiKctum  Cobb.,  Uucet-abaped,  12  mm.  long,  in  tbe  liver  or  dog,  rarely  on 

man,   Eaat  Indies.     D.  *p<ilhulcUiim  R.   Leuck. 

=D.  nneoM  Cobb. ,  ia  liiier  of  man  and  cat  in 

Japan  and  Chioa ;   D.  pulminuile  Biilz,   in  tbo 

longs  of  man  in  Japan  and  China.     D.  ophlhal- 

uubium  Diea.,  a  doubtful  specieH,  4  specimens 

on)y  found,  in  the  lens-capsule  of  a  nine-months 

child.     D.  heUrophyea  in  the  intestine  of  man  in 

Egypt.       D.    macraHamiim  Rud.    (Fig.    191),  in 

the  mtcBtine  of  insectivorous  bitds,  with  genital 

pore  at  hind  end.     Tbo  egga  are  cansiinied  by 

the  snail,  Sacdnta  amphilria,  in  the  gut  of  which 

tlie  miracidiani  to  set  free;  this  makes  ita  way 

tilTougb    tbe   gut-wal1    into    the    tissues,    and 

hacomea  a  branched  sporocyat,  linon'n  as  Leu- 

toMoridium  pamdarum.     Some  of  the  branches 

extend  into  the  tentacles,  to  which  they  give  a 

pecaliar  appearance  by  their  colouring  of  green 

and  white  bands  and  red  tip.     A  bird,  attracted 

by  this,  pecks  olf  the  tentacle,  and  so  swallows 

a  bmnch  of  the  sporocjst,  in  which  have  been  formed  tailless  Cercariae.     The 

latter  are  thus  transferred  to  the  intestine  of  the  final  host.     Tlie  remarkable 

feature  about  this  life-bistory  ia  that  the  Cercaria  is  never  free,  and  to  without  a 


•toti  Uuachlrmdianio  \b 

lUtia)  mij  tot  tnuistereii 
itnWwiiUB.-Diralli-glandi;  r  testis;  Ut 
u  d«fereiii  and  Dtenu  an  at  tbe  tilnd  « 


1  orUiurer    Dieapen 
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tail.  Bhcpalojyhoriis  Dies.;  Koellikeria  Cobb.,  dioecious,  living  in  pairs  con- 
tained in  cysts  in  the  mucous  membrane  of  the  mouth  and  branchial  cavity 
of  fishes ;  the  one  individual  is  cylindrical  and  narrow,  and  produces  sperma- 
tozoa ;  the  other  is  swollen  in  the  middle  and  posterior  region  of  the  body, 
and  is  filled  with  eggs.  The  dissimilar  condition  of  the  two  individuals  is 
probably  due  to  the  fact  that  copulation  only  leads  to  the  fertilization  of  one 
of  them,  which  alone  is  able  to  perform  the  female  sexual  functions.  K.  filieolle 
Rud.  (Z>.  Okenii  Kbll.)  in  Brama  Raji,  Bilharzia^  Cobb.  (Fig.  192),  dioecious; 
body  elongated,  nematodc-like  ;  the  female  is  slender  and  cylindrical ;  the  male 
has  j>owerful  suckers  and  the  margins  of  its  body  are  bent  round  so  as  to  form  a 
groove— the  cniialis  gynaeeophonis — for  the  reception  of  the  female  ;  they  live  in 
pairs  in  the  blood-vessels  of  mammals.     B.  haemaiobia  Cobb.,  portal  veins  and 

veins  of  bladder  of  man  in  most  parts  of  Africa.  The 
embryos,  which  are  ciliated,  escape  by  the  urethra. 
By  the  deposition  of  masses  of  eggs  in  the  vessels  of 
the  mucous  membrane  of  the  ureter,  bladder,  and 
great  intestine,  inflammation  is  set  up  which  may 
cause  haematuria  and  stone.  B,  craasa  Sons.,  in  Bos 
taunts  dmnesticus ;  B,  viagna  Cobb.,  in  Cercopitheciu 
fuliginosiis, 

Fam.  4.  Gasterottoxnatidae.  With  the  anterior 
sucker  only ;  mouth  on  the  ventral  surface,  not  in 
the  sucker;  eggs  with  operculum,  without  filament 
Genital  opening  terminal,  at  hind  end.  The  Cercaria 
is  known  as  Biieepluilus,  and  has  a  bifid  tail.  In 
alimentary  canal  of  fishes.     Oasterostovium  v.  Sieb. 

Fam.  5.  Didymoioonidae.  With  the  anterior  sucker 
only ;  mouth  in  the  sucker ;  gut  present  or  absent. 
Hermaphrodite,  but  live  in  pairs  in  cysts.  Eggs  with 
operculum  without  filament.  Genital  pore  in  front  of 
the  oral  sucker,  terminal.  On  the  integument,  or  in 
the  mouth  and  branchial  cavity  of  marine  fishes. 
Didymozoon  Tschbg. ;  Nematoholhrium  v.  Ben. 

Fam.  6.  Monostoxnatidae.  With  only  one  anterior 
sucker.  Mouth  in  the  sucker.  Genital  pore  usually 
in  front,  median,  ventral.  Eggs  often  with  two  fila- 
ments. Laurer's  canal  usually  absent.  In  alimentary 
canal  of  most  vertebrate  classes.  Monostomum  Zed.;  M.  lerUis  v.  Nord.,  the 
young  form  without  generative  organs  is  found  in  the  lens  of  the  human  eye ; 
M,  hipartUum  Wedl.,  living  in  pairs  enclosed  in  a  common  cyst,  the  one 
individual  surrounded  by  the  posterior  lobe  of  the  other,  branchiae  of  Tunny- 
fish  ;  Notocotyle  Dies. ;  Ogmogastcr  Jaegerskiold  ;  Opisthotrema  Louck. 

THE  DICTEXIDAE  AND  OBTHONECTIDAE.f 

The  systematic  position  of  these  forms  is  obscure :  it  will,  however,  be  con- 
venient to  place  them  provisionally  near  the  Tre^naloda,     They  all  consist  of  an 

*  G.  Fritsch,  **Zur  Anat.  d.  Bilharzia  haematobia  Cobb.,"  Arch,  /.  i/ic 
Anat.,  31,  1888. 

t  C.  O.  Whitman,  **A  contribution  to  the  embryology,  life-history,  and 
classification  of  the  Dicyemids,"  Naples  Mittheilimgen^  Bd.  4.  1882.  Julin  C, 
"  Contribution  h,  I'histoire  des  Mesozoaires,"  Arch,  de  Bioloffie,  Bd.  3,  1882. 


Fig.  192.— BWiarzia  htuma- 
tobia.  Male  and  female, 
the  latter  being  in  the 
canalis  gynatcophoru»  of 
the  fonner.    S  sucker. 
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outer  layer  of  cilisted  oslls  enrroandiDg  ao  inner  moo,  which  in  the  Dicyenadaa 
coDiists  of  >  protoptumic  mus  with  man]'  nuclei,  and  iu  the  OrUumecUdae 
(single  ^BQua  iUapoJuro)  of  a  mass  of  cells  compacted  together.  None  of  them 
have  a  digeative  cavity  The  Dicyemidae  are  parasitic  io  the  kidneys  of 
Cephalopoda,  the  OrOioneettdae  m  the  gut  oF  Turbellarians,  in  the  body-wall 
and  tmue-spac«a  of  Nemertines,  and  tn  the  body-cavity  and  brood  pouches  of 
Opbiunda. 


In  the  Diryemidae  egg'lihe  genns  are  found  in  the  central  plaamic  mass  which 
gi»o  rise  to  embryos ;  no  spermstozoa  have  been  fonnd  (Fig.  194).  In  ftrtto- 
neetidat  both  apennstozoa  and  ova  are  found  in  the  central  mas?,  and  in  diflerent 
individuals.  No  light  is  thrown  upon  their  afGnitiea  by  their  development. 
The  Orthoneetidae  possess  a  layer  of  fibres,  presumably  muscular,  between  the 
outer  cells  and  the  inner  mana.  The  males  are  smaller  than  tbo  females 
(Fig.  193);  and  there  are  two  Icinds  of  femalos^thc  cylindrical  forms 
{Fig,  183,  6)  and  the  flattened  forms.  The  history  of  these  forms  is  obscure. 
Both  forms  produce  eggs,  and  are  supposed  to  leave  the  host  to  wander  into  a 
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where  the  cylindrical  female  e 
while  tlie  flat  female  breaks  up  in 


1  the 


number  of  si 


of  eipelliDi! 
each  enclosing  a 


The  eggs  of  the  cylindrical  female  are  probably  fertilised,  vhile 
thoae  of  the  flattened  form  are  supposed  to 
develop  partlienogeneticall; 

Tlie  Diryftnulaebive  t«  o  kinds  of  embryos 
(hence  the  name  of  the  group] — the  m/aton 
form  (Fig  196)  and  the  wrmiform  [Fig  195) 
— nliich  arise  from  the  egg  like  genna  in  the 
central  plaamic  mass.  They  arise  in  tndl 
viduals  of  slightly  diSerent  form — the  mdi 
viduala  producing  Tcrmiform  embryo  an 
c«lled  luimitogtiu  and  are  longer  and  thinner 
than  those  producing  infnsonform  embryct, 
nhich  are  called  rkombagenM  The  rhMn 
hovrercr,  after  producing  a  certain 
number  of  infusonfonn  cmbt^os  become 
and  produce  vermiform  embryos. 

'I'be  vennifbrm  embryo  changes  directly  mto 
the  parent  form.  The  infusoritonn  embiyo 
is  very  different  from  the  parent,  and  its  hX» 
is  unknown.  Very  possibly  it  has  the  pover 
of  making  its  way  out  of  its  host,  and  so 
distribntiug  the  species.  No  males  or  sperma- 
have  been  observed  in  the  Dieyanidat, 
and  it  has  been  suggested  that  the  iufusori- 
form  embryos  are  immature  males,  or  that 
they  contain  the  male  elements.  Whitman 
indeed  states  that  he  lias  found  them  in  a 
modiGed  form  witbin  nematogenic  adntts. 
The  origin  of  the  egg.like  germs  within  the 
central  plasmic  mass  has  been  described  ai 
a  case  of  endogenous  eel  Information ;  i-e.  ■ 
nucleus  gathers  round  Itself  a  certain  anionnt 
of  protoplasm,  which  becomes  delimited,  to 


A--C,  (l*¥Blo|)ing  ombrjrot ;  D,  enbtro 
□  Ihe  tront;  C  tide  visw  of  tbe  Dm 
u  Door  of  the  nm ;  r  reftactlTa  bodJca.  - 
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an  extent  and  in  a  manner  which  has  not  been  ascertained,  from  the'surronnding 
plasma. 

By  some  naturalists  the  Dicyemidae  and  the  Orthonedidae  have  been  regarded 
as  survivals  of  a  most  primitive  Metazoan  grou})— of  a  group  possibly  inter- 
mediate between  the  Protozoa  and  the  Metazoa,  and  they  have  been  grouped 
together  as  Mesozoa,  There  does  not,  however,  appear  to  us  to  be  any  sufficient 
reason  for  this  view,  especially  when  we  remember  their  parasitic  habit.  We 
are  inclined  to  regard  them  as  allied  to  the  Trematoda,  to  the  miracidium  larva 
of  which  they  do  present  some  considerable  resemblance. 

Triohoplaz,  which  may  be  mentioned  here,  has  been  found  in  salt-water 
aqnaria  (F.  E.  Schulze,  Zool.  Anzeiger  6).  It  is  a  small,  flattened  organism 
(1-3  mm.  in  diameter),  and  consists  of  a  sponge-work  of  protoplasm,  with 
nuclei  at  the  nodes,  and  continuous  with  processes  of  the  surface  epithelial  cells. 
The  latter  are  ciliated  on  the  lower  surface  of  the  animal.  Nothing  is  known  of 
the  reproduction. 

Balinella  is  another  form  which  may  be  mentioned  here  (Frenzel,  Arch,  f 
Naturg,,  58,  1891).     It  has  only  been  found  in  aquaria. 

Order  3.     Cestoda.* 

Elongated  and  usually  segmented  Platyhelminihes  ictthout  viotUh 
or  alinientary  canal,  with  organs  for  attachmejit  at  the  anterior 
extremity. 

The  tape-wonns  (Fig.  196),  which  may  easily  be  recognised  by 
their  band-shaped,  usually  segmented  bodies,  are  parasitic  in  the 
alimentary  canal  of  Vertebrata,  and  were  formerly  taken  for  single 
animals.  Steenstrup  was  the  first  to  introduce  a  different  view, 
according  to  which  the  tape-worm  is  a  colonial  animal  {Strohila\ 
a  chain  of  single  animals,  each  segment  or  proglottis  being  an 
individual.  There  are,  however,  Cestoda,  like  Caryophyllaeus  (Fig. 
212),  which  are   destitute   both   of  external   segmentation   and   of 

*  Besides  the  older  works  and  papei*s  of  Pallas,  Zeder,  Bremser,  Rudolphi, 
Diesing,  and  others,  compare  van  Bencden,  '^Les  vers  cestoides  ou  acotyles," 
Brussels,  1850.  KUchenmeister,  Ueber  Cestoden  im  Allgemeinen  und  die  des 
Menachen  iiithetondere,  Dresden,  1853.  V.  Siebold,  Ueber  die  Band-  und  Blasen- 
vMrmer,  Leipzig,  1854.  G.  Wasrener,  "  Die  Entwickelung,  der  Cestoden,"  Nov. 
AcL  Leop.'Car,,  tom.  24,  Suppl.,  1854.  G.  Wagener,  Beilrag  zur  ErUvncke- 
lanqsgesehiehie  der  Eingeweidewuriner,  Haarlem,  1857.  R.  Leuckart,  Die 
Bltuenbandupirmer  und  ihre  Entvdckelung,  Giessen,  1856.  B.  Leuckart,  The 
Parantes  of  Man,  vol.  1,  1886,  Loudon.  F.  Sommer  and  L.  Landois,  "Ueber 
den  Ban  der  geschlechtsreifen  Glieder  von  Bothriocephalus  latus,"  Zeitachr. 
/.  wiss.  Zool,,  1872.  F.  Sommer,  *'  Ueber  den  Ban  und  die  Ent^ickelungs- 
geschichte  der  Geschlechtsorgane  von  Taenia  mcdiocanellata  und  Taenia  solium," 
find.,  tom.  24,  1874.  M.  Braun,  Zur  Entwick.  gesch.  des  breiUn  BandwUrmes 
{Bothrioeephaliis  lotus),  WUrzburg,  1883.  H.  Shauinsland,  *'Die  embryonalen 
Entwick.  d.  Bothriocephalen,"t/<ma,  Zeilschr.j  19,  1885.  L.  Niemiec,  "Ueb.  d. 
Nervensystem  d.  Cestoden,"  Arb,  a.  d.  Zool.  Inst.  Wien,,  7, 1887.  Fr.  Zschokke, 
La  Structure  anat.  et  hist,  des  Cestoides^  Geneva,  1888.  B.  Grassi  u.  G.  RovelH, 
"Embryol.  Forsch.  an  Cestoden,'*  Centralbl.  f  Bakteriol.,  5,  1889.  M.  Braun, 
"Vermes"  in  Bronn's  Thierreich,  4,  1895.  O.  v.  Linstow,  Compendium  der 
Helminthologie,  Hannover,  1878 ;  and  Nachtrag  to  the  same,  1889. 
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segmentation  of  the  generative  organs ;  while  in  other  cases  the 
segments  of  the  body  are  clearly  differentiated,  and  each  is  provided 
with  a  set  of  generative  organs,  but  they  do  not  attain  individual 
independence  (Ligula),  The  proglottides,  liowever,  usually  become 
separated  off,  and  after  their  separation  from  the  body  of  the 
tape-worm  continue  to  live  for  some  time  independently,  and  in 
some  cases  even  increase  considerably  in  size,  if  they  remain  within 
the  intestine  of  their  host  (Echeneibothnuin,  Calliobothriuin,  etc.). 
The  proglottis  after  separation  may  remain  for  a  certain  time  in 
the  intestine,  but  eventually  makes  its  way  either  passively  in  the 
faeces  (e.fj.  T.  solium),  or  actively  by  its  own  movement  {T,  saginata) 
to  the  exterior  per  anum.  Here  it  retains  its  vital  power  for  a 
short  time,  and  crawling  away  from  the  faeces  ascends  the  stalks 
of  plants.  It  soon  dies,  and  the  lK)dy  decomposes  and  the  eggs 
are  scattered;  or  in  some  cases  the  eggs  escape  through  a  rupture 
in  the  body- wall,  and  are  left  as  a  trail  on  the  objects  over  which 
the  proglottis  crawls.  The  eggs  soon  lose  their  vitality  in  a  dry 
atmosphere.  The  proglottides  of  T,  saginata,  which  have  consider- 
able powers  of  movement,  have  been  found  on  the  wall  a  yard  above 
the  bed  of  their  quondam  host,  and  they  frequently  creep  over  his 
warm  body. 

These  facts  seem  to  be  sufficient  to  justify  the  view  that  the 
tape-worm  is  a  colonial  or  polyzoic  animal,  the  individual  members 
of  which  have  the  power  of  separate  and  independent  life.  At 
the  same  time  the  existence  of  monozoic  forms  like  Archigetes 
(Fig.  211)  and  Canjophyllaeus  (Fig.  212)  must  not  be  forgotten: 
in  these — the  Cestodanvlae — there  is  only  one  set  of  generative 
organs,  and  the  body  is  iinsegmented ;  the  head  and  body  not  being 
sharply  distinguished.  It  would  appear  that  these  monozoic  forms 
of  Cestofla  have  the  same  relation  to  the  proglottis  that  Lucematia 
has  to  Aurelia  in  the  Aralephae.  Just  as  the  Lticernaria  may  be 
compared  to  a  ScypJiistoma,  which  develo|)s  generative  organs  and 
does  not  strobilate,  so  an  Archigetes  may  be  looked  VL\^on  as  a  scolex, 
which  becomes  sexual  but  does  not  bud  off  proglottides  {i,e,  does 
not  develop  into  a  strobila). 

This  is  the  only  satisfactory  mode  of  regaixling  the  Cestoda; 
especially  as  the  entire  tape-worm,  and  not  the  proglottis  alone, 
corresponds  to  the  Trematode,  and  is  to  be  regarded  as  being 
derived  from  the  latter  by  a  simplification  of  organization  and  loss 
of  the  alimentary  canaL 

The  anterior  part  of   the  tape- worm  is  narrow,  and   presents  a 
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tenuinal  swelling  by  wliich  it  at- 
taches itself.  This  anterior  swollen 
part  is  (listioguished  aa  the  head  of 
the  tape-wonn,  but  it  is  mainly  its 
external  form  which  entitles  it  to 
this  name.  In  Caryophyllaeua  the 
head  armature  is  very  weak,  and 
consists  of  a  lobed  fringed  expan- 
sion. The  apex  of  the  head  often 
ends    in   a  conical    projection,    the 


Fh.  IMhi. —  Head  of  Taenia  BjfuK, 
TiflWfed  from  the  front  (ii^al  iiirface), 
wKh  roatellDiD  tai  double  c<n1fl  of 
boolu.  Tbfl  fonr  >uclwn  *n  vLilbl* 
(from  Clim). 

Togtellum,  which  is  armed  with  a 
circle  of  books,  while  the  lateral 
surfaces  of  the  head  are  furnished 
with  four  Buckere  {Taenia,  Fig. 
196a).  In  other  cases  only  two 
suckers  are  present  (Boihrioeeph- 
ahu) ;  or  we  find  suckers  of  more 
complicated  structure  and  beset  with 
hooks  (Acanthobotkrium),  or  four 
protrusible  proboscises  beset  with 
recurved  hooks  (Tetrarhynchas,  Fig. 
198);  while  in  otiier  genera  the 
head  armatuie  presents  various 
special  forms. 

That  portion  of  the  animal,  which 
follows  the  head  and  is  distin- 
guished as  the  neck,  shows,  as  a 
rule,  the  first  traces  of  commencing 
B^mentation.  The  rings,  which  are 
at  first  faintly  marked  and  verj' 
narrow,  become  more  and  more 
distinct  and  gradually  larger  the 
further  they  are  removed  from  the 
head.  At  the  posterior  extremity 
the  segments  or  proglottides  are 
largest,  and  have  the  power  of 
becoming  detached. 
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The  Bimplicity  of  tlie  internal  organization  corre 
sjxinds  with  the  simple  appearance  of  the  external 
structure.  Like  the  Treniafoila,  the  Cegtoda  are 
eaid  to  possess  no  epithelial  ectoderm.  Beneath 
the  cuticle-like  outer  membiane  is  a  layer  of 
spindle-sliaped  eella  lying  at  right  angles  to  the 
surface ;  tlieir  external  ends  abut  upon  the  cuticle, 
and  their  inner  ends  are  prolonged  as  fibres  into 
the  parenchyma.  Beneath  this  layer  there  is  a 
delicate  superficiftl  layer  of  longitudinal  muscular 
fibres,  and  next  a  parenchyma  of  connective  tissue, 
in  which  strongly-developed  bundles  of  longitudinal 
muscular  fibres,  as  well  as  an  inner  layer  of  circular 
muscles,  are  embedded ;  both  these  muscular  layers 
are  traversed,  principally  at  the  sides  of  the  body, 
by  groups  of  dorso-ventral  muscular  fibres.  The 
power  which  the  proglottis  possesses  of  altering 
its  form  is  due  to  the  interaction  of  all  these 
muscles.  By  means  of  them  it  is  able  to  sliorten 
itself  considerably,  at  the  same  time  becoming 
much  broader  and  thicker,  or  to  elongate  to  double 
its  normal  length,  becoming  much  thinner.  In  tlie 
connective  tissne  parenchyma  of  the  body,  not  only 
the  muscles,  but  all  the  other  organs  are  embedded. 
In  its  peripheral  [wrtion,  especially  in  the  neigh- 


bourhood of  the  head, 
cftlcareona  concretions,  which  are  prob- 
ably contained  in  connective  tissue  cells. 

The  nerrons  system  consists  of  two 
lateral  longitudinal  cords  passing  exter- 
nally to  the  main  trunks  of  the  excretory 
system.  They  are  somewhat  swollen  in 
the  head,  where  they  are  connected  by  a 
transverae  commissure ;  these  anterior 
swellings  and  the  commissure  may  repre- 
sent a  cephalic  ganglion.  In  Jloniezia 
the  latem!  nerves  are  connected  by  two 
transverse  commissures  at  the  hind  end 
of  each  proglottis.  Distinct  sense-organs 
are  wanting,  but  the  tactile  sense  may  be 
ascribed  to  the  skin,  especially  to  that  of 


find  small  densely  packed 
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the  head  and  the  anckera.  An  alimentafy  canal  is  also  wanting. 
The  nutritive  fluid,  already  prepared  for  absorption  by  the  host, 
posses  etidosmotically  through  the  body-waU  into  the  parenchyiuf^ 

The  ezerefasj  apparatus,  on  the  contiaty,  attains  a  coneiderable 
development  as  a  eystem  of  much  ramified  canala  which  are  distributed 
throughout  the  whole  body.*  It  consista  primarily  of  two  longi- 
tudinal canals  (a  dorsal  and  a  ventral  +),  running  along  each  side  of 
Qm  body  and  connected  in  the  bead  and  in  each  segment  by  trans- 
verse trunks  (Figs.  198,  199).  According  to  the  state  of  contraction 
of  the  muscular  system  these  longitudinal  trunks  and  cross  branches 
appear  sometimes  straight  and  some- 
times bent  in  a  wavy  or  zigz^ 
manner :  their  breadth  also  presents 
considerable  variation,  so  that  the 
power  of  contraction  has  been 
ascribed  to  their  walls.  The  longi- 
tudinal trunks  only  serve  as  the 
efferent  ducts  of  a  system  of  very 
fine  vessels  which  ramify  through- 
out the  whole  parenchyma  and 
receive  numerous  loi^  tubes :  the 
latter  begin  in  the  parenchyma  with 
dosed  funnels,  which  contain  a 
vibiatile  ciliated  lappet  (Fig.  200). 
The  larger  vessels  are  said  to  con- 
lain  valves.  In  many  coses,  as  in 
Liffula  and  Caryophyllaeus,  these 
koif^tudinal  trunks  are  broken  up 
into  numerous  longitudinal  vessels, 
which  are  connected  by  transverae 
anastomoses.    In  other  cases,  on  the 

other  hand,  the  two  ventral  vessels  are  enlarged  at  the  cost  of  the 
two  dorsal,  which  may  entirely  atrophy.  The  external  opening  of 
the  excretory  system  is,  aa  a  rule,  placed  at  the  posterior  end  of  the 
body,  i.e.,  at  the  hind  end  of  the  last  segment,  in  which  a  small 
vesicle  with  an  external  opening  receives  the  longitudinal  trunks. 
According  to  the  observations  of  Leuckart  on  Taenia  eueumerina, 
the  posterior  transverse  canals  in  the  segments  immediately  preceding 

*  CampMfl  Th.   Pintner,   "  UnterauchungeD  fiber  den  Bau  des  Bandwurm- 
k6rper»,"^Wien,  1880. 
t  These  surf&ce«  are  dietinguiibed  by  the  generative  apparatus  (see  below). 


IQ.  no.— A  portion  of  the  eicretoiy 
■jntem  of  CarvojAsUiwiu  mnOiMHi 
(nfler  Pintner).  Iffc  ciliated  fminel* 
wLUi  Ui«  nucleuB  of  the  call  belouglnft 
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the  last  become,  by  their  gradual  shortening  and  the  approach  uf 
the  longitudinal  trunks,  transformed  into  the  vesicle,  which  acquires 
ao  external  opening  when  the  segment  behiud  it  is  detached.  Id 
rare  cases  the  excretory  system  possesses  additional  openings  in  the 
anterior  part  of  the  body  behind  the  suckers,  and  elsewhere. 

Tlie  generativs  appvatns  is  repeated  in  each  proglottis.  The 
male  apparatus  consists  of  numerous  small  vesicles,  the  testes  (Fig. 
201,  T),  which  are  situated  nearer  one  surface  of  the  proglottis  than 
the  other ;  this  surface  is  distinguished  as  the  donsl  surface. 
Delicate  ducts  proceed  from  the  testes  to  open  into  a  common  efTerent 


:  ttaiMXe  aTgan*  (iftcr  SonHnttX 
yolk^Und  (vltelUhnm) :  Sd  shell-gUDd  ;  VI  uUnu ;  T  teltca ;  rd  iv 
uiA  or  Ui«  cirrui ;  K  gtnentlva  clout ;  Va  ngiu. 


duct  {vas  defe)-en»).  The  coiled  end  of  tliis  duct  lies  in  a  muscular 
pouch  {drrus  sheath),  whence  it  can  be  protruded  through  the 
genital  opening  as  the  so-called  cirrus.  This  cirrus  is  frequently 
beset  with  spines  which  are  directed  backwards,  and  serves  as  a 
GOpulatory  oigitn.  Tlie  female  geuerative  organs  consist  of  ovary, 
ydk-gland,  ahell-gland,  vierut,  reeeptaeulum,  and  vaijitui.  The  vagina 
and  vas  deferens  usually  open  into  a  common  genital  cloaca,  which 
lies  either  ou  the  ventral  surface  of  tlie  segment  {Bothriocephalut), 
or  on  the  lateral  margin  (Taenia)  (Fig.  201).  In  the  lost  cose  it  may 
be  placed  alternately  on  the  right  and  on  the  left  side.  Sometimes 
the  two  genital  openings  ore  widely  separate,  the  male  opening  being 
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placed  at  the  side,  the  female  on  the  surface  of  the  segment.  In 
other  cases  there  are  two  sets  of  generative  organs  in  each  segment, 
opening  on  the  right  and  left  margins  {Dipylidium),  In  the  Bothrio- 
cephcdidae  and  other  forms  (possibly  in  all  Cestodes  except  the 
Tcieniadae)  the  uterus  has  a  special  opening  of  its  own  to  the  exterior 
in  addition  to  the  vagina,  wliich  opens  close  to  the  vas  deferens 
(Fig.  216).  This  opening  is  comparable  to  the  uterine  opening  in 
TremeUoda,  differing  from  the  latter  in  being  remote  from  the 
male  opening.  The  vagina  of  Cestodes,  which  is  not  used  for  the 
exit  of  eggs,  even  when  there  is  no  uterine  opening  (see  above, 
p.  244),  must  be  compared  to  the  canal  of  Laurer  in  the  TremcUoda, 
In  forms  with  a  special  uterine  opening,  eggs  are  depasited  through 
it  whQe  the  proglottis  is  part  of  the  chain  in  the  intestine.  When 
there  is  no  uterine  opening,  tlie  eggs  are  only  set  free  by  tlie 
rupture  of  the  proglottis  after  it  has  broken  away  from  the  chain 
and  reached  the  exterior. 

As  the  segments  increase  in  size  and  become  further  removed  from 
the  head,  the  contained  generative  organs  gradually  reach  maturity 
in  such  a  way  that  the  male  generative  organs  arrive  at  maturity 
rather  earlier  than  the  female.  As  soon  as  the  male  elements  are 
mature,  copulation  is  said  to  take  place,  and  the  receptaculum  seminis 
is  filled  with  sperm,  and  then  only  do  the  female  generative  organs 
reach  maturity. 

The  method  of  sperm-transference  is  not  fully  understood.  The  penis  is 
sometimes  found  projecting  from  the  genital  opening  (Fig.  207),  and  Leuckart 
states  that  he  has  seen  it  inserted  into  the  vagina  of  the  same  proglottis,  thus 
being  in  a  position  to  effect  self-fertilization.  In  other  cases  it  has  been  found 
(Pagenstecher)  inserted  into  the  vagina  of  another  proglottis  of  the  same  chain. 
There  is  also  the  possibility  of  copulation  between  the  proglottides  of  different 
chains  in  the  same  host,  though  this  has  not  been  observed  ;  and  it  may  be  that 
in  some  cases  the  penis  is  used,  like  that  of  the  Turhellaria^  for  hypodermic 
injection  of  spermatozoa.  Finally  we  must  admit  the  possibility  of  the  sperm 
passing  out  into  the  fluids  of  the  intestine  in  which  the  body  of  the  tape-worm 
is  bathed,  and  of  the  spermatozoa  so  set  free  migrating  in  suflScient  numbers 
into  the  vagina  of  other  proglottides. 

The  ova  are  fertilized  and  pass  into  the  uterus,  which  then  assumes 
its  characteristic  form  and  size.  As  the  uterus  becomes  distended, 
the  testes  and  then  the  ovaries  and  vitellaria  are  more  or  less  com- 
pletely absorbed  (Fig.  202).  The  posterior  proglottides,  viz.,  those 
which  are  ready  for  separation,  have  alone  undergone  full  develop- 
ment^ and  the  eggs  in  their  uterus  often  contain  completely  developed 
embryos.     Accordingly  we  can  recognize  in  a  continuous  series  of  the 
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segments  tlic  course  of  dci'dopmcnt  passed  through  by  the  sexual 
organs  and  prodiicta  in  their  origin  and  gradual  progress  towaids 
maturity.  Aji  examination  of  the  segments  between  that  with  the 
first  trace  of  the  generative  organs  and  the  first  proglottis  with  fully 
developed  organs  will  give  us  on  idea  of  the  stages  of  structure 
through  which  each  segment  has  to  pass.  The  tape-worms  are  ovi- 
parous ;  either  the  embryo  develops  within  the  egg-sliell  in  the  body 
of  the  mother,  or  the  development  takes  place  outside  the  proglottis, 
for  example,  in  water  {Botkrxoeephalue). 


F      2(n-Rlp«  progl  ttit« 

rata  r   rrunm  icVf  n 


DndlrfoapAoJ 


The  eggs  are  round  or  oiol  and  of  small  size  (Fig  203)  they 
consist  of  the  nitnute  ovum  embedded  m  yolk-cells  and  surrounded 
by  a  membrane  which  is  tlnn  when  the  development  takes  place  in 
the  uterus  and  thick  and  proMdod  with  an  operculum  when  it  occurs 
only  after  o\  ipi  sition  {B  fhrtoeephaii  /a  et«  )  Tlie  early  develop- 
ment appears  to  bi  cl-».e]y  similar  to  that  of  Trematodes  the 
segmentation  is  complete  and  is  followed  by  the  epibohc  formation 
of  two  meml  ranes  f  which  the  outer  Im  ng  the  inner  surface  of 
the  shell  in  the  Bolhncrfphaltlae  (Fig  ''04)  is  called  the  Oielt  or 
entvltqitnrj  n  ei  il  I  arte  the  inner  being  the  o-called  ectoderm  or  otUer 
layer  These  two  membranes  surround  the  rest  of  the  embryo, 
which  we  aball  call  tlie  inner  mass     Tlie  enveloping  membrane  is 
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left  in  the  shell  at  hatching,  and  the  outer  layer  either  becomes  thick 
and  ciliated,  as  in  some  Bothriocephalidae  (Fig.  303,  c),  or  thin  and 
not  ciliated  as  in  other  Botlirioeephalidae  and  Taenias  which  inha)nt 
aquatic  animals,  ot  finally  it  becomes  cuticularised  as  a  thick,  radially 
striated  layer  (Fig.  203,  a),  as  in  the  Taeniae  which  infest  land 
animals  (protection  against  desiccation).  Meanwhile,  either  while 
the  embryo  is  free  {Bothrioeepkaiidas),  or  while  it  is  within  the 
ateras  of  the  mother,  the  inner  mass  develops  six  hooks,  and 
becomes  the  tix-hooked  emhryo  or  Oocbcwpliere  (Fig.  205,  b).  In 
the  BoikrioeephaXidae  the  further  history  of  the  emhryo  ia  unknown; 
it  loaes  its  ciliated  coat  and  probably  soon  dies,  unless  it  migrates  into 
its  next  host,  which  is  unknown.  In 
other  cases,  in  which  the  life-history  has 
been  followed,  the  development  of  the 
embtyo  into  the  asexual  scolex  rarely 
takes  place  in  the  intestine  of  the  original 
host.  It  la  said  to  do  so  in  Taenia 
{Hymenolepis)  nana  (see  p.  261),  and  it 
has  been  suggested  that  it  might  occur 
in  the  stomach  of  the  same  animal,  if  by 
reversed  peristalsis  a  ripe  proglottis  was 
passed  back  into  the  stomach,  and  there 
digested  (7*.  taginala). 

As  a  rule  the  Scolex,  i.e.  the  head  and 
neck  of  the  tape-worm,  ia  developed  from 
the  six-hooked  embryo  in  another  host, 
and  in  some  cases  (Coemtna,  Eekino- 
coeau)  more  than  one  scolex  arises  from 
a  single  embryo  (Fig.  206).  (en'-^"io'irf^"m6mto^^ 

The  eggs  usually  leave  the  intestine  of 
the  host  in  the  proglottis,  either  by  active  migration  or  in  the  faeces. 
The  proglottides  are  deposited  on  the  ground  or  in  water.  Here  they 
crawl  about  and  deposit  their  eggs  as  described  on  page  344,  but  they 
soon  die,  especially  if  the  temperatiire  is  unfavourable  and  the  air  dry. 
The  embryo,  which  in  the  case  of  the  land  forms  is  protected  gainst 
desiccation  by  the  thick  cuticle  described  above,  retains  its  vitality 
for  a  time,  which  depends  on  the  external  conditions.  Eventually 
it  dies,  unless  it  passes  into  the  stomach  of  a  suitable  host.  As  a 
rule  this  host  is  on  herbivorous  or  omnivorous  animal,  but  it  may 
be  a  carnivorous  animal.  Tlie  embryos  are  usually  taken  up  in  the 
food,  or  in  drinking  water,  but  occasionally  they  enter  accidentally 
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in  consequence  of  dirty  habits.*  As  soon  as  the  egg  membranes  are 
digested  or  burst  by  the  action  of  the  juices  of  the  stomach  of  the 
new  host,  the  embryos,  or  onchospheres  as  they  are  called,  whidi 
have  been  thus  set  free,  bore  their  way  into  the  gastric  or  intestinal 
vessels  by  means  of  their  six  (rarely  four)  hooks,  the  points  of  which 
can  be  approached  and  removed  from  one  another  over  the  periphery 
of  the  small  globular  embryonic  body  (Fig.  205,  b).  When  they  are 
once  within  the  vascular  system,  they  are  no  doubt  carried  along 
passively  by  the  current  of  blood,  and  transported  by  a  longer  or 
shorter  route  into  the  capillaries  of  the  different  organs,  as  the  liver, 
lungs,  muscles,  brain,  etc.  After  losing  their  hooks,  they  usually 
become  enveloped  by  a  cyst  of  the  connective  tissue  of  their  host, 


a 


Fia  205.— Stages  in  the  development  of  Taenia  solium  to  the  Cyaticereua  stage  (partly  after  R. 
Leuckart).  a,  egg  with  embryo ;  b,  tree  embryo ;  c,  mdiment  of  the  head  as  a  hollow  papilla 
on  the  wall  of  the  vesicle ;  c/,  bladder- worm  with  retracted  head ;  e,  the  same  with  protruded 
head,  maguifled  about  four  times. 

and  grow  into  large  vesicles  with  liquid  contents  and  a  contractile 
wall.  The  vesicle  gradually  becomes  a  cystic  or  bladder  tcorm  by 
tlie  formation  of  one  {Cysticercus,^  Fig.  205,  e)  or  several  (Coenurus) 
hollow  buds,  which  are  developed  from  the  walls  and  project  into  the 
interior  of  the  vesicle  (Fig.  205,  c).  The  armature  of  the  tape-worm 
head  (suckers  and  double  circle  of  hooks)  is  formed  on  the  inside 
and  at  the  bottom  of  this  invagination  of  the  wall  of  the  vesicle 
(Fig.  205,  d).  When  these  hollow  buds  are  evaginated  so  as  to  form 
external  appendages  of  the  vesicle,  they  present  the  form  and 
armature  of  the  Cestode  head,  as  well  as  a  more  or  less  developed 

*  The  habit  of  allowing  dogs  to  lick  the  £ace  and  to  feed  off  plates  which 
their  owners  use  is,  to  say  tlie  least  of  it,  an  unclean  one,  and  should  be 
avoided. 

t  Exceptionally  two  or  more  heads  are  found  in  some  Cystioorcus  forms. 


neck,  which  presents  even  at  this  stage  traces  of  segments  (Fig. 
205,  e).  The  bead  and  neck  together  constitute  the  scolex.  In  some 
cases  (JSeliinoeoeeua)  the  irregularly  shaped  maternal  vesicle  produces 
from  its  internal  walls  one  or  two  generations  *  of  secondary  vesicles 
which  project  into  it;  and  the  Ceatode  lieods  originate  in  special 
small  brood-capsules  on  these  secondary  vesicles  (Fig.  206,  a).  In 
such  cases  the  number  of  tape-worms  which  arise  from  one  embryo 


rcloplng  hudt  {»fWr  R, 
i.  Wigmer).  e,  bodiof  Eefiloonmuati 
I  li  eviglnitad ;  f  c  eicntury  ttnali. 

is  naturally  enormous,  and  the  parent  vesicle  may  reach  a  very 
considerable  size,  being  sometimes  ns  large  aa  a  man's  head.  In 
consequence  of  this  enormous  growth  the  vesicles  frequently  obtain 
an  irregular  shape ;  while  on  the  other  hand,  the  tape-worms  which 
are  developed  from  them  remain  very  small,  and  carry,  as  a  nile, 
only  one  ripe  proglottis  (Fig.  207).  The  cyst  in  which  the  bladder- 
worm  lies,  and  which  is  caused  by  it,  is  calleil  an  hydatid  cyst. 

iiiieoUu)  also,  sterile  daughter  vesicles  are 
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So  long  as  the  tape-vorm  head  {scolex)  remainB  attached  to  the 
body  of  the  bladder-wonn  and  in  the  host  of  the  latter,  it  never 
develops  into  a  sexually  mature  tape-worm ;  although  in  many  cases 
it  grows  to  a  considerable  length  (Cj/alicereua  fasetolaru  of  tlie 
house-mouse).  The  bladder-worm  must  enter  the  alimentaiy  canal 
of  another  animal  before  the  head  (seolex)  can,  after  separation  from 
the  body  of  the  bladder-worm,  develop  into  the  sexually  mature 
tape-worm.  This  transportation  is  effected  passively,  the  new  host 
eating  the  flesh  or  oi^ns  of  the  animal  infected  with  CystJcerci. 
The  tape-wonns,  therefore,  are  principally  found  in  the  Camivora, 
tlie  Inseetivora,  and  the  Omnivora,  which  receive  the 
bladder-worms  in  the  flesh  of  the  animals  on  which 
they  feed.  The  vesiclea  are  digested  in  the  stomach, 
and  the  cestmie  head  becomes  free  as  a  tcolex.  The 
latter  is,  perhaps,  protected  from  the  too  intense 
action  of  the  gastric  juice  by  il« 
calcareous  concretions,  and  at 
once  enters  the  small  intestine, 
fastens  itself  to  the  intestinal  i 
wall,  and  grtiws  by  gradual  seg-  I 
mentation  into  a  tape  -  worm. 
From  the  gcolex  tlie  chain  of 
pn^lottidea  proceeds  as  the  re- 
sult of  a  growth  in  length 
accomjianied  by  segmentation,  a 
Fig,  io;.--Ta....<.  process  which  is  to  be  looked  p,^  Mi.-cwi««w(d  «t 
in  """"'"  Upon  as  a  form  of  asexual  repro-  Tomfa  mcmwrtiio,  iiug- 
lout),  inannifiwi  duction  (buddmg  in  the  direction  Lmckurtx 
""*"■  of  the  long  axis).  The  develop- 
ment of  the  scolex  is  then  to  1%  explained  as  a  metamorphosis, 
characterized  by  the  individualization  of  certain  stages  of  the 
development.  But  the  whole  life-history  is  a  case  of  metagenesis, 
inasmuch  as  the  sexual  proglottides  alternate  with  the  asexual  scolex. 
The  development  of  some  tajje-worma  (Microlaeniinae)  presents 
considerable  simpliH  cations.  In  the  cysticercua  stage  the  vesicle  is 
represented  by  a  small  appendage  (Fig.  209,  h),  in  which  the  cavity 
is  much  reduced  or  absent.  Such  cysticercus  forms  are  called 
Cyttieercoids,  in  .which  an  appendage  l)earing  the  embryonic  hooks 
is  distinct  from  a  larger  jiart  which  represents  the  scolex  (Fig.  210). 
Cysticercoids  are  found  principally  in  Invertebrates  (Gammarids, 
Cyclops,  Insects,  Slugs,  Oligochaetcs). 
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The  tape-worme  found  in  herbivoroua  animals  are  probably 
lerived  from  the  Cysticercoids  of  Invertebrates,  but  the  inter- 
mediate host  ia  geneially  unknown.  The  same  may  he  said  of 
ie  tape-worms  of  birds,  only  in  this  case  the  intermediate  host 
a  more  often  known. 

In  some  cases  the  caudal  appendage,  which  is  the  homologue  of 
Jie  vesicle  of  the  Cysticerei,  is  elongated  (Fig.  210),  and  the 
C^ysticercoids  then  present  a  considerable  resemblance  to  the  Cercana 
)f  a  Trematode,  If  this  comparison  is  a  just  one,  as  it  probably  is, 
ihe  Cysticercoid  must  be  regarded  as  a  more  primitive  larval  fonn 
^n  the  Cysticercus.  ^Moreover  Cartfophyllaeus  (Fig.  213)  with  its 
single  set  of  generative  organs  and  unsegmented  body  is  probably 
the  most  primitive  member  of  the  group,  and  may  be  compared  to 
the  ordinary  sexual  Trematode. 


Fia.   110.  — CyBtiearcoid   oT 
n»nii    pulax    (■ft«r    Ha- 


Ainphiltna  (Fig.  213)  and  Amphiptyehea  are  forms  intermediate 
between  the  Trematodes  and  Cestodes,  while  Archigetea  (Fig.  211) 
is  either  the  most  primitive  Cestode,  or  a  larval  form  which  has 
become  sexually  mature.  All  the  other  Gestodes  differ  from  the 
jrimitive  Canjophyllaeue  in  the  fissive  reproduction  which  the  body 
udergoea  in  the  process  of  strobilization.  The  only  part  of  the 
x)dy  which  is  not  reproduced  in  this  asexual  increase  is  the  organ 
if  attachment;  just  aa  in  the  Scypkiitoma  (Fig.  132,  g)  all  the 
irgans  of  the  body  participate  in  the  fission  by  which  the  ephyrae 
(rise  except  the  stulk  of  attachment.  Finally  it  must  be  pointed 
lut,  that  on  tliis  view  Liffula  is  not  a  jmmitive,  but  a  higldy 
•   Ferh.  d.  Pelenburger  Natur/orach. ,  1868,  Zool.,  p.  203. 
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specialized  form,  in  which  the  sexual  persons  produced  by  division 
have  lost  their  distinctness  and  do  not  separate  from  the  colony. 
In  other  words,  Ligula  bears  the  same  relation  to  a  sharply  seg- 
mented tape-worm  that  a  hydroid  colony  with  medusoids  bears  to 
a  colony  which  buds  off  free-swimming  medusae.  Bothriocephaliis, 
in  which  the  segments  separate  off  in  groups  (Fig.  214),  may  be 
regarded  as  a  stage  on  the  road  to  the  condition  found  in  Ligtda, 

Fam.  1.  Cettodariidae.  The  body  is  unsegmented  and  the  generative  organs 
are  not  repeated.  Archigetes  Lkt.  A.  Sieboldii  Lkt.  (Fig.  211),  in  the  body- 
cavity  of  the  generative  segments  of  Tubifex  rivulorum,  about  8  mm.  long,  with 
caudal  appendage  (?  Onchosphere)  wliicli  carries  three  pairs  of  small  hooks  at  its 

free  end.  The  anterior  end  of  the  body  ]ias  two  weak  suckers. 
Life-history  unknown.  The  only  Cestode  which  attains  sexual 
maturity  outside  the  VerUhrata.  It  is  to  be  regarded  as  a 
Cestode  retaining  the  Onchosphere,  and  still  fixed  by  the 
embryonic  hooks.  Caryophijllaeiis  MUll.,  elongated,  no  ex- 
ternal distinction  between  head  and  body,  without  suckers ; 
excretory  opening  at  hind  end  ;  genital  pore  on  ventral  surface 
of  hind  end,  receives  the  vas  deferens,  uterus,  and  vagina. 
(7.  mutabilis  Rud.  (Fig.  212),  intestine  of  Cyprinoids,  asexual 
form  probably  in  Tubifex  rivulorum.  Amphilina  Wagener, 
body -cavity  of  sturgeons,  A.  foliacca  Rud.  (Fig.  213).  Body 
flattened,  Ti-ematode-like,  60  mm.  long,  pointed  at  one  end 
which  carries  a  sucker  near  by  the  opening  of  the  uterus 
(ULm)\  the  vagina  {Vg)  and  vas  deferens  (C)  open  at  the 
other  end;  lK)dy- cavity  of  sturgeon;  pi*oduces  a  partially 
ciliated  hooked  embryo,  life- history  unknown.  OyrocotyU 
Dies.  {Amphiptychea  Wagener),  alimentary  canal  of  Holo- 
cephali,  a  sucker  at  the  anterior  end,  edge  of  body  folded. 
Uterus,  vagina,  vas  deferens  open  separately ;  G,  uma  W., 
alimentary  canal  of  Chiviaera,  The  Onchosphere  probably 
passes  into  bivalves.  Wageneria  Monticelli,  in  Scyrhnus 
nicacensis. 

Fam.  2.  Bothriooephalidae.  With  only  two  suckers,  which 
are  weak  and  flat.  Generative  organs  usually  open  on  the  flat 
surface  of  the  proglottis.  Proglottides  are  often  detached  in  groups.  Hydatid 
stage  represented  by  an  encysted  scolex  (Fig.  215),  which  is  usually  found 
in  fishes.  Bothridimn  Blainv.  {Solenophorus  Creplin)  intestine  of  pythons  and 
boas ;  Diplocotyle  Krabbe,  intestine  of  fishes ;  Diphylldbothrium  Cobbold, 
intestine  of  dolphin ;  Ptyctiohothrium  Lonnberg ;  Duthiersia  Perrier,  from 
Varamis. 

Bothriocephalus  Brems.  Segmented  body.  Head  with  two  pits,  without 
hooks.  The  genital  openings  are  on  the  middle  of  the  ventral  surface.  The 
young  stage  usually  in  fishes.  B.  latics  Brems.  (Fig.  214),  the  laigest  of  the 
tape-worms  parasitic  in  man,  twenty-four  to  thirty  feet  in  length,  principally 
found  in  Russia,  Poland,  Switzerland,  and  South  France.  The  sexually  mature 
segments  are  broader  than  they  are  long  (about  10-12  mm.  broad  and  8-5  mm. 
long).  They  do  not  become  detached  singly,  but  in  groups  (Fig.  214).  The 
segments  of  the  hindermost  portion  of  the  body  are,  however,  narrower  and 


FiG.iU.— Archi- 
getes Sieftoldii 
Lkt.  (after 
Lenckart). 
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longer.  The  head  is  c!ab-ahaped,  and  is  provided  with  two  slit-like  pits.  Tb« 
cortical  parts  of  tb«  Utsral  regiooa  of  the  body  contain  a  number  of  round 
masse*  of  gisnules,  the  yolk-glaiuU  (Fig.  216,  Dat),  the  contents  of  which  are 
potind  into  the  shell  glands  (coiled  glands)  through  the  so-called  yellow  ducts. 

The  genital  openings  lie  close  together,  one  behind  the  otlier,  in  the  midst  of 
th0aegmeiit(Fig.  213,  a).  The  anterior  and  larger  lielongs  to  the  male  generative 
appamtiis,  and  leads  into  the  muscular  terminal  portion  of  the  vas  deferens, 
which  is  enclosed  in  the  cirnis  ahesth  (Fig.  216,  Cb),  and  can  be  evaginated 
as  the  cirrus.     The  vas  deferens  juat  before  its  entrance  into  the  cirrus  poach 


i(»(lBrWagtu. 


is  dilated  (Fig.  216,  b)  to  fonn  a  large  muscular  swelling  (the  vesicula  BeinJualisI). 
It  then  Ijecomee  coiled,  and  passed  in  the  direction  of  tJie  loiig  axis  of  the 
•rgment  on  the  dorsal  surface  and  divides  into  two  aide  branches.  These 
receive  the  efferent  canals  of  the  delicate  testicular  sacs,  which  occupy  tlie 
lateral  parts  of  the  middle  layer  (J)-  The  female  genital  opening  (Fig-  Zlfl) 
leads  into  a  vagina  ( Fa)  situated  behind  the  pouch  of  the  cimia,  and  frequently 
filled  with  senien.  This  vagina  nms  as  a  tolerably  straight  median  canal  on  the 
ventral  surface,  and  opens  by  a  short,  narrow  tube  into  the  oviduct.  The 
vagina  also  functions  as  a  receptaeulum  aeminii.     Tliere  is  yet  a  third  opening 
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(Fig.  216,  n),  aitaatcd  at  aome  distance  behind 
ths  other  two ;  this  U  the  opeDiDg  of  the 
tubular  utenu  {Ut),  the  convolutions  of 
which  give  liae  to  a,  peculiar  rosette-ahipol 
figure  in  the  midat  of  the  segment.  Cltise 
to  the  hind  end  of  the  segment  the  ducti  of 
the  yolk-glsnds  (Dit)  and  of  the  ovaries  {Or) 
unite  with  each  other  and  open  into  the 
uterus;  the  cells  of  the  ehell -gland  {Sd) 
surround  and  open  into  the  point  of  junction 
of  tliese  structures. 

TliG  ova  are  for  the  moat  part  developed 
in  nater,  and  escape  from  the  upper  pole  of 
tlie  egg-shell  throogh  a  lid-ltke  valve  (Fig. 
204).  The  escaped  embryo  is  covered  nith 
cilia  (Fig.  203),  by  means  of  which  it  swimi 
about  for  a  long  time.  The  encysted  larval 
form  (scolcE  without  a  bladder)  is  found 
between  the  muscles  or  in  the  viscera  of  the 
pike,  turbot  {Lola  vtilgaria],  and  possibly  of 
other  fresb-water  Gsh  (Fig.  21E).  How  they 
become  infected  is  not  known,  aa  experiamnt 
tends  to  show  that  the  ciliated  larva  does  not 
enter  them  directly,  and  no  intermediate  host 
is  known.  The  scolox  enters  the  body  of  its 
hnsl  host  in  the  llesh  of  the  fish.  B.  eontatM 
Lkt.  Witii  lai'ge,  beart-sliaped  head,  without 
a  filiform  neck  ;  with  deposits  of  nnmeroot 
calcareous  bodies  in  the  psrenchyma.  It 
attains  a  length  of  about  three  feet,  and 
lives  iti  tlie  iutostines  of  man  and  of  the 
dog  in  Greenland.  B.  Ugidoida  Lkt.  Young 
form  about  20  cm.  in  the  subperitoneal  tissue 
of  man  in  China  and  Japan. 

SfJiistocephatiis  Crepl.  Head  split,  with  a 
sucker  on  each  aide.  The  body  of  the  cestoid 
form  is  segmented.  S.  solidua  Crepl.  LivcB 
in  the  body  cavity  of  the  stickleback,  escapes 
into  the  water,  and  becomes  seiually  adult 
in  the  inteatiuo  of  water-birda.  Triatno- 
phoria  Rud.  Head  not  diatiiict,  with  two 
weak  suckers  and  with  two  pairs  of  tridcn- 
late  hooks.  Tlie  body  has  no  external  seg' 
mentation.  The  generative  openings  are 
marginal.  T.  ticdiiloaiti  Rud.  In  the  inteS' 
tine  of  the  pike.  Asexual  encysted  form  iu 
the  liver  of  Cypriaua.  Bothrivioniu  Duver- 
noy,  intestine  of  sturgeon. 

Lignla  Bloch.  Body  Itand-shaped  and  UB- 
scgmented.  Without  real  suckers.  Hooks 
may  be  present  or  absent.     The  Cestoid  has 
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no  s^mentstioD,  but  the  f{eD«nitive  orgKiis  are  repeatnl.  Tliey  live  in  the 
body  cavity  of  TeleostaanB  tnd  become  seiuatly  mature  in  the  intestine  of 
birds.  L.  simplKiuima  Rud.,  in  the  body  carity  aC  Gahea  and  in  the  inteattne 
of  aquatic  birds.     L.  tuba  v.  Sieb.,  in  the  inteatine  of  the  tench. 

FuD.  3.  T«trarli]ntehid«e.  Head  vitb  two  or  Tour  aucliera,  and  with  Tour 
[votractile  proboacisea  anned  with  hooks  (Fig.  217) ;  genital  openings  marginal. 
The  scolices  lire  encysted  in  bony  fishes,  and  the  sexual  wonus  in  the  inteatine 
of  skates  and  niys.  Tetrarkyiidiita  Cuv.,  witL  four  suckers  ;  ShyniAobolhriam 
Bloiliv.,  with  two  suckers. 

Fam.  4.  ZahinobotliridM.  Witli  two  nickers  and  two  armed  proboscises ; 
genital  openings  marginal.     BckitwbotJirium  v.  Ben. 

Fam.  C>.  TatraphyUidM).  Head  witb  four  very  mobile  suckers  often  armed 
with  hooks.  Proglottides  detached  eiugly.  GeoiUl  pores  margiual.  In  the 
intestines  of  Selachiani. 


Sub-fam.  1.  FhjtlobotliTinae.  Suckera  without  hooks,  more  or  leas 
stalked.  EAetKibaUttiam  v.  Ben.;  Fhyllobotkriuia  v.  Ben.,  suckers  smsile; 
Anthobothrium  t.  Ben. 

Sub-fam.  2.  PhyllManthisae.  Suckers  armed,  each  with  2  or  4  hooks. 
AtaiithcbothHumy.  Ben.;  CalliobeOtriamy.  Ben.;  OncAoiotArjKni  Blainf. 
Fam.  fl.  T««lliHl»«.  The  armature  of  the  head  consists  of  four  muscular 
suckers,  to  which  is  frequently  added  a  single  or  double  circle  of  huoks  on 
the  rostellum.  The  proglottides  have  a  marginal  seiual  ojaiiing.  The  vajfina 
is  usually  long,  and  enlarged  at  the  inturual  eud  to  form  a  receptaculum  seminia 
[Fig.  201).  The  uterus  is  without  a  special  ojieuing  to  the  enterior.  The  youug 
itages  are  Cyaticeroi  or  Cysticercoida,  mrely  quite  without  caudal  vesicle. 
Parasitic  in  warm  and  cold-blooded  animals. 

Sub-fam.   1.     CyitotaaniinM.     Rostelluiu  usually  with  double  row  of 
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hooks.  DeTelopiueiit  1)y  iijeaiia  of  CysCicerci  (bladder- worms).  Botb 
biftdder-worni  and  Upe-womi  stage  in  nianimHls.  Tn-mia  L.  {Cystotama 
R.  Lkt).  The  vesicles  of  the  Cysticerct  are  large.  The  heads  arise  from 
the  bladder  of  the  Cjstieerciis. 

T.  satium.  L.  2-3  iiietreB  long.     A  double  circle  of  2fl  hooks.     The  rip 
proglottides  are  S-10  mm.  long  and  6-7  mm.  broad  ;  the  uterus  has  7-10 
dendritic  branches  (Fig.  20B).      It  liven  in   the  hoinan  intestine.      The 
bUdder-worms  belonging  to  it  (Cijtlieerciis  atliilonu)  live  principallf  in 
the  dermal   cellular  tissue  and   in  the  musclfs 
of  |>igs,  but  also  in  the  humau  body  (niuscles, 
eyes,  hrajn),  in  wliich  self.inrection  with  them 
is  possible  if  a.  Taenia  is  present  in  the  digestive 
canal ;  more  rarely  in  the  muscles  of  the  roe- 
deer,  Che  d<ig,  and  the  cat     In  tlie  humau  brain 
the  GyatictrcHs  acqiiirea  an  elongated  form,  and 
Roiiietimes  docs  not  produce  a  head. 

T.  n<ginaln  GaezB  —  mcdiocantlUda  Klichenni., 
I  the  intestine  of  man,  distinguished  liy  the 


oilier  Jielminthologists 
Head  witliout  circle  of 
hooks  or  rostellnm,  but 
nitli  four  more  power- 
ful suckers.  Tlie  tape- 
worm reaches  a  length 
of  four  metres,  and 
beconies  much  stronger 
and  tliickcr.  The  ma- 
ture proglottides  are 
about  18  mm.  long 
and  7-9  mm.  braad. 
The  uterus  forms  20-35 
dichotoinoiis  side 
branches    (Fig.    202). 


.  variety  of  T.  aoliiim. 
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mnscles  of  the 
ox  (Fig.  218).  It  ap- 
pears to  lie  principally 
distributed 


eight 


,'Bii  Briiedsn).  warmer    parts    of    the  proltmleil  (froiu  CUiut 

Old     World,     but     is 
often  found  in  great  numWra  in  many  places  in  the  north.     It  i»  the 
common  ts|>e-worm  of  the  Abyssiniana. 

T.  atrriila  Goeze,  in  the  intestinal  canal  of  tlie  dog.  The  Cysticercns 
is  known  as  Cyslieerciia  piai/ormia  in  the  liver  of  the  hare  and  rabbit 
T.  craxiKollii  Rud.  in  the  cat,  with  CyalkeTeu* /aaciolaiit  of  the  common 
mouse,  T.  jaarginala  Batach,  of  tlic  dog  .{bntober's  dog)  and  wolf  with 
'-"f/iOieema  lenuieollia  from  ruminants  and  pigs,  and  occasionally  in  mm 
{Cyst.  viactntlU).  T.  emaaieeia  Kud.  in  the  fox  witli  Cyaluemu  tongicoUis 
from  the  thoracic  cavity  of  tlie  field-mouse.  T.  coenurus  v.  Sieb.  in  the 
intestine  of  the  sheep-dog  with  I'ocniiriis  ctrebralia  in  the  limin  of  one-year- 
old  sheep  csnsing  staggers.     The  presence  of  Votnunts  in  other  places  has 


CB8T0DA.  261 

been  stated,  as  for  instance ,  in  the  body  cavity  of  the  rabbit.  T.  tentii- 
collis  Rud.  in  the  intestine  of  the  weasel  and  the  pole-cat,  with  a  Cysticerciu 
which,  according  to  KUchenmeister,  lives  in  the  hepatic  ducts  of  the  field- 
mouse. 

Echinococeifer  Weinl.  The  heads  bud  on  special  brood-capsules  in  such 
a  way  that  their  invagination  is  turned  towards  the  lumen  of  the  vesicle 
(Fig.  206).  T.  echinocoecus  v.  Sieb.  (Fig.  207)  in  the  intestine  of  the  dog, 
3-4  mm.  long,  forming  but  few  proglottides.  The  hooks  on  the  head  are 
numerous  but  small  Its  bladder-worm  is  distinguished  by  the  great  thick- 
ness of  the  stratified  cuticula.  It  lives  as  Echinoeoccus  principally  in  the 
liver  and  the  lungs  of  man  {E.  hominis),  and  of  domestic  animals  {E,  veUri- 
norxim).  The  first  form  is  also  distinguished  as  E.  altricipariens  on  account 
of  the  frequent  production  of  priniaiy  and  secondary  vesicles ;  it  usually 
reaches  a  very  considerable  size,  and  has  a  very  irregular  shape  ;  while  that 
form  which  inhabits  domestic  animals,  E,  scolieipariens^  more  frequently 
retains  the  form  of  the  simple  vesicle.  Finally  these  echinoeoccus  cysts 
frequently  remain  sterile,  in  which  case  they  are  called  Acephaloq/sts. 
Another,  and  indeed  pathological  form  is  the  so-called  multilocular  Echino- 
coccuSf  which  was  for  a  long  time  taken  for  a  colloid  cancer.  It  is  also 
found  in  mammalia  (in  cattle),  and  here  presents  a  confusing  resemblance 
to  a  mass  of  tubercles.  The  echinoeoccus  disease  {hydatid  plagiit)  was 
widely  spread  in  Iceland.  This  disease  likewise  seems  endemic  in  many 
places  in  Australia. 

Sub-fam.  2.  Microtaeniinae.  The  rostellum  is  frequently  absent,  or 
unarmed,  or  beset  with  small  hooks.  Development  by  means  of  CysticereoidSj 
the  vesicle  having  but  little  fluid,  or  being  absent.  The  Cysticercoid  lives 
principally  in  invertebrates  (slugs,  insects,  &c.),  more  rarely  in  cold-blooded 
vertebrates  (the  tench). 

Sub-genus  Dipylidium  Leuck.  With  two  sets  of  generative  organs  in 
each  segment.  T.  eucumerina  Bloch,  in  the  intestine  of  dogs  (house  dogs). 
The  Cysticercoid  is  entirely  without  the  caudal  vesicle,  and  lives  (according 
to  Melnikoff  and  R.  Leuckart)  in  the  body  cavity  of  the  dog-louse  ( Tricho- 
dectes  cants).  The  infection  with  the  Cysticercoids  takes  place  when  the 
dog  swallows  the  parasites  which  are  annoying  him,  while  the  parasites 
swallow  the  eggs  contained  in  faeces  adherent  to  the  hair  of  the  dog. 
Nearly  allied  is  7*.  elUptica'  Batsch.  in  the  intestine  of  the  cat,  occasionally 
in  that  of  man . 

Sub-genus  Hymenolepis  Weinland.  One  set  of  generative  organs  in  each 
segment,  opening  on  one  side ;  eggs  with  two  smooth  shells.  T.  nana 
Bilh.-v.  Sieb.,  in  the  intestine  of  the  Abyssinians  and  in  Sicily,  hardly  an 
inch  long  ;  probably  identical  with  T.  murina  of  the  rat,  the  Cysticercoid 
of  which,  according  to  Grassi  and  Rovelli,  is  able  to  develop  in  the 
intestinal  villi  of  its  host,  and  then  emerge  to  form  a  tape -worm  in 
the  intestine  (self-infection).  T.  Jlavopnnctata  Weinl.,  in  the  human  in- 
testine (North  America).  Also  found  by  Grassi  in  Italy,  and  regarded  as 
identical  with  T.  diminuta  B.xid."  leptocephala  Crepl.,  of  the  rat.  Tlie 
Cysticercoids  of  the  meal-worm  are  prolwibly  developed  into  tape-worms 
in  the  intestines  of  mice  and  rats. 

In  other  jwirtially  unarmed  Taenieis*  the  generative  organs  and  develop- 
ment  are   as   yet  not  accurately  known ;   such   are— 2f*.   {Anoplocephala 

*  See  note  on  following  page. 
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R.  Bl.)  perfoJiata  Goczc,  and  T,  plieaUi  Rud.,  in  the  horse ;  T.  {Afoniczia 

R.   li\.)  pectinata  Goeze,  in  the  hare;  T.  dispar  Rud.,   in  the  frog;  T. 

{Ctenotaenia  R.)  expansa  Im.,  in  the  ox. 

There  is  a  special  section  of  Taenias,*  in  which  the  genital  o^ieniug  is  on  the 

broad  surface  of  the  segment :  such  are  T,  littcrata  Batsch. ;  T,  lintata  Goeze, 

in  the  intestine  of  the  dog.     To  another  group  belong  Taenias  from  the  gut  of 

birds,   e.g,    T,  sinuosa  Zed.,  in  the  goose  and  duck;    T.   tenvirosiris  from 

Merganser  and  Alias,  both  >nth  tailed  Cysticercoids  in  Gammarus. 

*  A  immber  of  new  genera  have  been  recently  created  for  the  reception  of 
species  formerly  united  under  Taenui:  vide  A.  Railliet,  *' Notices  panisitolo- 
giques,"  Ball,  Soc.  ZooL  France,  1892  ;  and  R.  Blanchard,  M^m.  de  la  Soc,  Zool. 
de  France,  4,  1891,  p.  420. 


chaptee  vi. 
Phylibi  NEMERTEA.* 

ElonffcUedf  veinniform  animals  with  a  ciliated  ectoderm,  and  an 
eversible  proboscis  lying  in  a  sheath  on  the  dorsal  side  of  the  enieron. 
With  mouth  and  anus,  simple  gonads,  and  a  vascular  system.  Dioecious, 

The  position  of  the  Nemertea  is  difficult  to  settle.  Formerly  they  were  united 
with  the  PlcUyhelmirUheSf  but  the  presence  of  an  anus,  and  of  a  vascular  system, 
and  the  higher  organization  of  the  organs  and  tissues  in  general,  renders  it 
advisable,  for  the  present  at  any  rate,  to  place  them  in  a  separate  phylum, 
allied  to  the  Platyhelminth  phylum  but  not  part  of  it.  It  has  been  suggesterl 
that  the  proboscis  of  Nemertines  is  homologous  with  the  retractile  anterior  })art 
of  the  body  found  in  some  Turbellaria,  particularly  Frorhynchu^.  The  genera] 
structure  of  the  Nemertine  tissues  strongly  recalls  that  of  Baianoghssus. 

The  Nemertea  are  elongated  womis,  some  of  them  attaining  an 
immense  length,  and  are  found  in  the  sea,  in  fresh  water,  and  on 
land.  The  marine  forms  are,  however,  by  far  the  most  numerous. 
They  are  often  brilliantly  coloured,  and  many  of  them  have  the 
power  of  forming  a  tube  around  their  bodies  by  the  mucous 
secretion  of  the  skin.  The  body  is  excessively  contractile,  so  much 
80  that  a  worm  which  is  measured  by  yards  when  extended  may 
shrink  to  a  length  of  as  many  inches.  The  mouth  is  large  and 
placed  on  the  ventral  surface  of  the  anterior  end  of  the  body.  It 
leads  into  a  straight  alimentary  canal  consisting  of  oesophagus  and 
intestine.  The  latter  opens  posteriorly  by  a  terminal  anus,  and 
possesses  lateral  caeca  which  are  generally,  but  not  always,  regularly 
arranged  in  pairs ;  it  also  gives  off  from  its  front  end  an  anteriorly- 
directed  caecum. 

The  most  characteristic  organ  of  the  group  is  the  proboscis.     This 

•  W.  C.  Mcintosh,  A  Monograph  qf  British  Anneliday  Pt.  1,  "Nemerteans," 
Ray  Society,  1873-4.  A.  A.  W.  Hubrecht,  "Unters.  Ub.  Nemertinen  a.  d. 
Golf  V.  Neapel,"  Niederl.  Arch,  f.  Zoologie,  2,  1874.  Id.,  "The  Genera  of 
European  Nemertines  critically  revised,"  Notes  from  the  Leiden  Museum^ 
1879-80.  Id.,  "Report  on  the  Nemertea,"  Challenger  Reports,  voL  19,  1887. 
0.  Burger,  "Die  Enden  des  exkretorischen  Apuarates  bei  den  Nemertinen," 
Zeii,f.  w.  ZoologU,  63,  1891.  O.  BUrger,  "Die  Nemertinen,"  Fauna  u.  Flora 
des  OoJ/es  von  Neapel,  22,  1895. 
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lies  in  a  sheath  {Fig.  219  bis)  which  is  placed  on  the  dorsal  side 
of  the  gut,  and  extends  in  most  fonns  along  the  whole  length  of 
the  body.  It  is  a  hollow  tubular  organ,  opening  nearly  always  at  the 
front  end*  of  the  body,  but  closed  behind.     In  the  retracted  stote 


the  proboscis  lice  in  its  slieath,  to  the  hind  end  of  which  its  blind 
end  h  fastened  by  a  muscular  band  (Fig.  219  tng,  A);  its  walls 
contain  both  transverse  and  longitudinal  muscles,  the  latter  of 
which   are   continued    into   the   bund.     The   proboscis    sheath  also 

*  In  Atroslatniim,  ilalacobiiella,  etc,  the  opcaiog  oF  the  proboscis  is  vithb 


has  muscular  walls,  and  contains  a  corpusculated  fluid;  it  contains 
a  cloaed  cavity  {rht/Tiehoeoelom),  and  ita  epithelioid  lining  is 
continuous  anteriorly  with  that  covering  the  outer  side  (in  the 
nttacted  atate)  of  the  proboscis,  t.e.  with  the  epithelium  on  that 
surface  of  the  retracted  proboBcia  which  is  in  contact  with  the 
proboecis-flheath  fluid.     The  proboscis  and  its  sheath  may  therefore 


sang  rtlagnntiHirta  HaOaloni,  dorral  tI 
ealh  of  pmboicls ;  /  Intntlne ;  L  dive 
lire  cordi ;  V  lateral  ruwl* ; 


be  compared  to  the  finger  of  a  glove,  of  which  the  free  end  is 
pulled  in  uiKjn  the  iiortion  nest  the  hand,  the  ]nilHiig  in  being 
effected  by  a  string  attached  to  the  inner  side  of  the  tip  of  the 
glove,  and  lying  inside  the  finger.  From  the  above  description  it 
will  also  be  clear  that  the  epithelium  lining  the  imier  surface  of  tlie 
retracted  proboscb  ia  continuous  with  the  surface  ectoderm  of  the 


266  NEMERTEA. 

body  at  the  anterior  opening,  and  l)ecomes  external  when  the  proboscis 
is  projected  by  eversion  (Fig.  219  bis,  B),  The  eversion  is  no  doubt 
caused  by  the  contraction  of  the  muscular  wall  of  the  sheath  bringing 
pressure  to  bear  upon  the  contained  fluid,  and,  when  completed,  the 
middle  portion  of  the  retracted  proboscis  is  at  the  front  end  of  the 
protruded  organ.  That  is  to  say,  the  hinder  part  of  the  proboscis  is 
not  eversible :  it  lies  witliin  the  protruded  part  of  the  proboscis  in 
the  projected  state,  and  in  the  hinder  part  of  the  sheath  in  the 
retracted  state.  This  non-eversible  portion  has  glandular  walls  and 
contains  a  fluid.  In  the  armed  forms  {Hoploneinertini)  it  is  separated 
from  the  eversible  part  by  a  contraction  of  its  cavity,  which  almost 
closes  up  the  eversible  part,  and  a  stylet,  to  which  may  be  added  two 
groups  of  small  accessory  reserve  stylets,  is  placed  at  this  point. 
The  posterior  part  of  the  proboscis  opens  by  a  narrow  aperture  at 
the  base  of  this  stylet,  and  allows  tlie  contents  of  the  glandular 
non-eversible  part,  which  is  very  possibly  poisonous,  to  exude. 
When  the  proboscis  is  completely  everted  the  stylet  projects  freely 
at  its  apex. 

In  the  unarmed  forms  (Anopla)  the  stylet  is  absent,  but  the 
surface  of  the  proboscis  wliich  becomes  external  on  eversion  possesses 
numerous  nematocysts.  The  proboscis  is  therefore  clearly  offensive, 
but  very  possibly  it  also  possesses  a  tactile  function. 

The  body-wall  varies  in  structure  in  the  different  orders.  It 
always  possesses  an  external  layer  of  ciliated  ectoderm  ceUs  con- 
taining mucus -secreting  gland-cells.  Within  tliis  there  is  in  the 
Heteroneinertini  (1)  a  thin  basement  membrane,  (2)  a  cutis  con- 
taining connective  tissue  and  some  longitudinal  muscular  fibres,  (3) 
a  layer  of  longitudinal  muscular  fibres,  (4)  a  thin  layer  of  a  plexifonn 
nervous  matter  containing  at  two  points  the  lateral  nerve-cords,  (5) 
a  layer  of  circular  muscular  fibres,  and  (6)  of  longitudinal  muscles; 
this  is  followed  by  a  compact  mass  of  reticular  connective  tissue 
which  passes  into  the  muscular  coats  of  the  intestine  and  proboscis 
sheath.  In  other  Neniertini  there  are  only  an  external  circular  and 
internal  longitudinal  muscular  layer.  All  the  layers  above  mentioned 
are  eml^edded  in  a  gelatinous  albuminoid  material,  which  is  especially 
developed  in  the  transparent  pelagic  form,  Pelagonemertes,  and  is  of 
the  same  nature  as  the  jelly  of  Medusae,  There  is  therefore  no 
body  cavity  in  Nemertines,  though,  as  in  Ehabdocoeles,  spaces  in 
the  connective  tissue  may  in  some  cases  be  so  large  as  to  simulate 
one. 

The  nervons  system  consists  of  two  cerebral  ganglia  connected 
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and  below  the  proboscis  sheath  and  each  divided  into  two 
a  dorsal  and  ventral.     The  ventral  lobes  are  continued  back- 

08  the  Literal  nerve-cords  {Fig.  221),  which  in  some  cases 
posteriorly  above  the  intestine  by  a  supra-anal  commissure, 
jraal  lobe  (Fig.  221,  C)  is  partly  or  completely  divided  into  an 
)r  and  posterior  lolie.     In  the  armed  forms  (Fig.  221,  L)  this 

lobe    is   com- 


idinal  and  the  circular  layer;  and  in  the  MeiarKmertini  com- 
within  the  muscles.  In  all,  except  the  Metanemerlini,  in 
the  central  nervous  system  gives  off  nerve-cords,  there  is  a 
ite  nerve-sheath  of  a  reticulate  nervous  substance,  occupying 
me   position  with  regard  to  the  muscles  as  do  the  central 


i 
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organs.  The  lateral  nerre-cordB  are  thickenings  of  thia  slieath,  and 
there  is  a  median  <lorsnl  thickening  constituting  tlie  prohoscis  nerve. 
In  Hettronemertini  tlie  central  organs  are  impregnated  with 
haemoglobin.  As  sense  oiguu  there  are  the  lateral  ot^ons  above 
mentioned,  the  tactile  hails  of  the  ectoderm  cells,  cephalic  eyes 
more  or  less  nitmerous,  and  sometimes  provided  with  refractive 
bodies.  Esceptionally,  as  in 
Oerwtedia  pallida,  two  oto- 
lithic vesicles  are  found  on  the 
brain. 

The  TKSculsr  system  consists 
of  three  longitudinal  vessels 
with  contractile  walls  placed 
just  outside  the  intestinal  wall; 
one  of  them  is  straight  and 
dorso-median,  and  the  otlier 
two  are  sinuous  and  lateral. 
Tliey  communicate  in  front  and 
behind ;  and  anteriorly  the 
lateral  vessels  often  dissolve 
themselves  in  a  network  of 
vascular  spaces  on  the  oeso- 
phagus. The  longitudinal 
vessels  give  off  tat«ral  branches, 
whicli  no  doubt  open  into  h 
system  of  lacunae  in  the  tissues. 
The  blood  is  usually  colourless, 
but  in  some  sjiccies  it  is  red. 
lu  Ampkiporus  spletident  and 
Borlasia  splendida,  the  red  colour  (haemoglobin)  is  contained  in 
the  blood  corpuscles. 

The  excretory  organs  consist  of  two  lateral  tubes,  which  lie  close 
to  the  lateral  vessel,  and  open  externally  by  one,  or  rarely  by  several 
openings  on  each  side.  They  are  confined  to  the  anteiior  region 
of  the  l>ody,  usually  not  extending  further  back  than  the  oesophagus 
{fore-gut).  These  tuljes  have  a  glandular  ciliated  lining,  and  in  some 
forms,  possibly  in  all,  give  off  branches  which  themselves  branch 
and  finally  end  in  small  swellings,  containing  a  long  flame-shaped 
cilium.  These  flame-cell  ends  are  said  to  differ  from  the  corre- 
sixinding  structure  in  Titrbellarxa  by  consisting  of  many  cells.  As 
already    pointed    out,    tiiis    distinction    is    probably    unimportant. 
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depending  merely  on  the  size  of  the  organ.  The  flame-cell  knobs 
of  Nemertines  sometimes  project  into  the  blood-vessels,  but  do  not 
open  into  them.  In  the  forms  in  which  flame-cells  have  not  been 
observed,  the  excretory  canals  are  said  to  open  into  the  lateral  blood- 
vessels. This  will  probably  turn  out  to  be  an  error.  The  animals 
are  generally  dioecious,  and  the  gonads  quite  simple,  consisting  of 
paired  sacs  regularly  placed  between  the  gut  caeca,  or  in  some  cases 
more  numerous  than  the  caeca  and  irregularly  arranged.  They  open 
by  simple  openings  on  the  dorso-lateral  surface  of  the  lx)dy. 

Some  genera  are  viviparous  (Prosorochmus  Claparedii,  Tetraatemvia 
obaeurum),  but  most  of  them  lay  eggs  in  albuminous  strings.  The 
development  is  usually  direct,  but  in  many  Heteronemertini  the  young 
are  hatched  as  helmet-shaped,  free-swimming  larvae  (Fig.  223), 
known  as  PUidium, 


a 


Fio.  iSS.—Pilidivm  (after  E.  Metschnikoff).    a,  ft«e-swimniing  lan'a.   b,  later  stage,  helmet- 
shaped.   £,  E'  the  two  pairs  of  ectodermal  invaginations ;  D  alimentary  canal. 

The  Pilidium  was  formerly  described  as  a  species  of  a  supposed 
independent  genus.  The  enteron  is  formed  by  the  invagination  of 
the  wall  of  a  hollow  blastosphere ;  the  blastopore  forms  the  larval 
mouth ;  at  the  aboral  pole  a  long  flagellum  is  developed,  and  a 
broad  lobe  grows  out  on  each  side  of  the  mouth,  on  to  the  edges 
of  which  the  circumoral  ciliated  band  extends.  By  an  elaborate 
metamorphosis  this  larva  turns  into  the  young  worm. 

Asexual  reproduction  is  unknown,  but  the  power  of  repair  is  great. 
In  some  cases  the  body  readily  breaks  up  into  pieces  when  touched, 
and  the  pieces  have  the  power  of  developing  the  whole. 

The  Nemertines  live  principally  in  the  sea,  under  stones  in  the 
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mud,  but  tlie  smaller  specjea  swim  freely.  There  ore  also  forms 
which  live  an  land  (Geonemertee),  fresh-water  forma  (species  of 
Tetrantemma),  and  a  pelagio  foim  (^Pdagonemertea).  Certain  species 
fonn  tubes  and  passages  whith  are  lined  by  n  slimy  secretion.  Tlie 
food  of  the  larger  Kjwcies  principally  consists  of  tubicolous  worms, 
which  they  extract  by 
their  proboscis.  There  are, 
however,  parasitic  {or  com- 
mensal) Nemertines,  which 
infest  Cnutaeea,  or  Uvc  oq 
the  mantle  and  gills  of 
Mollutea.  In  this  case 
they  are,  like  the  Hiru' 
dinea,  furnished  with  a 
posterior  sucker  {Malaroh- 
deUa). 

Order  1. 
?ItOT0HZlCESTHL 


T)ie  cerehnil  K&nglis  and 
literal  nerves  are  ouUide  the 
dermal  muscles,  either  in  the 
ectodenn  or  beneath  the  demiis. 
Tlie  body-wall  consists  of  the 
ectoderm,  a  dermis,  an  extemal 
circular  and  an  internal  longi- 
uiually  iuteqiosed  a  diagonal  layer- 
»  caecum.     The  proboscis  is  without 


tndinat  luyer  of  muscles,  betneen  which  i: 
The  niontb  is  bcbiiid  tlie  brain.  There  is  i 
slyleU. 

Fam.  1.  CatlnsUidaB.  The  lateral  organi  hare  the  form  of  epithelial  pits 
or  canals,  which  only  eieeptionally  i)crfora[B  the  demiia  and  penetrate  into 
the  brain  ;  tliey  have  no  relation  to  the  lateral  vessels.  There  is  no  dorsal 
vessel.  Tlio  brain  and  lateral  nerves  lie  in  the  epitlieliiini  or  beneath  the 
ilemiis.  The  ilerniis  is  homogeneous  and  lias  a  gelatinous  ap[>taniiice.  CarimUa 
Mcintosh. 

Fani.  %  HnbrschtidaB.  The  lateral  organs  are  spherical  structures  wliiob 
lie  deep  within  tlie  body-wall  and  project  into  tlie  lateral  vessels.  Brain  Mid 
lateral  nerve-cords  lie  lieueath  the  dermis,  which  is  reticular.  There  is  a  dorsal 
vessel.  The  excretory  organs  constitute  a  riolily-bmnched  canal  -  system. 
HabrcdUia  Bllrger. 

Older  2.    MESOFBHZBinn. 

The  lateral  nerves  lie  in  the  dermal  muscular  layer.  Body-wall  as  in  Order  1. 
Mouth  behind  the  brain.     N'o  caocuiu.    The  (iroboBCis  is  without  stylets. 

Fani.  1.  Cephalothrioidas.  The  lateral  nerves  are  in  the  longitudinal 
uLUBcles.  Lateral  organs,  and  eejilialic  slits  absent  Varinama  Oudonians; 
Cephalolhrix  Oersted. 


METAKEMERTINI.  271 

Order  3.     METAKSMSBTIHI. 

Brain  and  lateral  nerves  lie  within  the  dermal  mascles  in  the  body- 
parenchyma.  The  body-wall  is  as  in  previous  orders.  Mouth  in  front  of  the 
ganglion.  The  mouth  and  the  proboscis  usually  open  together.  The  proboscis 
as  a  rule  has  stylets,  and  there  is  almost  always  a  caecum  given  ofif  from  the 
anterior  end  of  the  intestine,  and  projecting  forwards. 

A.  PBOBHTKCHOCOELOinA.  With  long  and  thin  body,  which  coils  itself 
in  complicated  windings.  They  do  not  swim.  The  proboscis  is  much  shorter 
than  the  body. 

Fam.  1.  Eunemertidae.  Usually  several  small  eyes.  No  otocysts.  Only 
one  stylet.     Slow  in  movement.     Eunemertes  Vaillant ;  Nemertopsis  Burger. 

Fam.  2.  Ototyphlonemertidae.  Eyes  absent.  One,  rarely  two  pairs  of 
otocysts,  ventral  to  brain.  The  body  is  more  cylindrical  than  flat.  The  worms 
belonging  to  this  family  are  small  (1-3  cm.).     Ototyphlwumertes  Diesing. 

B.  HOLOBHTKCHOCOELOMIA.  Usually  with  short  body.  Some  of  them 
swim.  The  proboscis  is  at  least  as  long  as  the  body.  The  proboscis  sheath 
always  reaches  into  the  hinder  third  of  the  body. 

Fam.  3.  Prosorhoohmidae.  With  four  eyes.  Gut-pouches  and  gonads 
alternate  with  one  another.  The  lateral  organs  are  very  small,  in  front  of 
the  brain.  Usually  hermaphrodite.  Prosorhochnius  Keferstein ;  ProaadenopoTncs 
Burger  ;  GeonemcrUs  Semper,  terrestrial  form. 

Fam.  4.  Amphiporidae.  Body  when  extended  comparatively  short  and  wide. 
Extensile  part  of  proboscis  thick  and  covered  with  adhesive  papillae.  The  gonads 
and  gut-pouches  do  not,  as  a  rule,  strictly  alternate.  Tlie  gut-pouches  are 
branched.  There  are  almost  always  numerous  eyes.  Amphiporus  Ehrbg. ;  A. 
lactifioreus  Johnst.  Lives  under  stones  and  is  distributed  from  the  North  Sea 
to  the  Mediterranean.     Drepanophoncs  Hubrecht. 

Fam.  5.  Tetraatemmidae.  The  body  is,  as  a  rule,  short  (1-3  cm.).  There 
are  almost  always  four  eyes.  The  gut-pouches  are  not  branclied,  and  the  gonads 
alternate  with  them.  The  lateral  organs  are  in  front  of  the  brain.  For  the 
most  part  dioecious.  TetrasUmma  Ehrbg.;  T.  obscuriim  M.  Sch.,  viviparous; 
Baltic;  T,  agricola  Will  Suhm.,  terrestrial ;  T,  elepsinaides  Dugfes,  fresh-water. 
North  America,  probably  Europe,  e.g.,  Cherwell  at  Oxford,  T,  laciistre  Du 
Plessis,  Lake  of  Geneva.     Oerstedia  Quatref. 

Fam.  6.  Heotonemertidae.  Deep-sea  forms,  with  short,  broad  bodies  and 
hind  end  flattened  into  a  fin.  They  can  swim.  The  mouth  and  proboscis 
openings  are  separate.  The  presence  of  stylets  has  not  been  certainly  shown. 
Without  eyes.     NecUmemerUs  Verrill ;  HyaUmemertes  Verrill. 

Fam.  7.  Pelagonemertidae.  Body  leaf-shaped,  gelatinous,  hyaline.  Anterior 
extremity  broad  and  abrupt,  posterior  narrowed  to  a  point.  Digestive  canal 
with  13  pairs  of  lateral  ramifications.  Integument  thin  and  hyaline,  with  a 
thin  muscular  tunic  immediately  beneath  it  consisting  of  external  circular  and 
internal  longitudinal  fibres.  The  viscera  and  tissues  are  embedded  in  the 
hyaline  gelatinous  matter.  Gonads  open  on  the  ventral  surface.  Nerve-cords 
internal  to  the  muscular  coats.  Free -swimming,  pelagic.  Fela^onemeries 
Moseley  (Fig.  220). 

Fam.  8.  Malacohdellidae.  Parasitic  forms.  The  body  is  short  and  provided 
with  a  sucker  at  the  hind  end.     Intestine  coiled,   %vithout  pouches.     The 
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proboscis  is  unarmixi  and  op«DS  with  tlie  mouth.  There  is  a  dorsal  vessel,  uiil 
tico  lateral.  Tlie  proboscis-sbeatli  reaches  to  the  anus,  ilatntobdella  Blliav., 
in  the  msntlc-cavity  of  various  marine  LaDietlibrancha. 

Order  4.     HETZBOITEIIXETIRI. 

The  lateral  nerves  are  in  the  dermal  muscles ;  thej  lie  outside  the  circalu 
musrleB.  The  bodj-vall  consists  ol  ectoderm,  dermis,  an  outer  longitudinal 
layer  of  muscles  (which  is  not  jifeseiit  ia  the  other  orders),  a  circular  aud  an 
internal  longitudina]  muscular  layer.  The  diagonal  muscles,  if  present,  He 
between  the  circular  and  outer  longitudinal.  The  mouth  is  behind  the  braiQ. 
There  is  do  caecum.     The  proboscis  is  unarmed. 

Fam.  1.  EnpolildM.  There  are  usually  no  lateral  cephalic  slits.  The  canal 
of  the  lateral  organ  opens  either  directly  to  the  exterior,  or  into  a  shalloic 
ventral  slit.     ,?(i^/i<i  Hubrecht ;  Polxapsii  3 oabin.;   Fii^CTt^inin  Quatrefagea. 

Fam.  2.  LiueidM.  The  body  is  more  or  less  flattened.  There  is  a  deep 
longitudinal  lateral  fissure  on  each  aide  of  the  head.  A  ciliated  groove  leaih 
Itoro  the  bottom  of  the  fissure  into  the  posterior  lohu  of  the  ganglion.  The 
nervous  tissue  is  tinged  with  haeuioglobin.  Development  often  by  ciliated 
larvae.  Linna  Sow.  (Fi);.  22!>] ;  L.  iniirtniu  Mont. ;  L.  longissitiiiis  Sim.,  sea- 
long-worm  ;  Bortasia  Olten  ;  EnborUma  Vaill.;  Jficnira  F.hrbg.j  Ccr^ralulia 
Renier ;  Znit^  Huhrecht,  the  margins  of  the  body  slightly  frilled. 


Fio.  KS.— H«ui  MBjwii 


chapter  vii. 
Phylum  NEMATHELMINTHES. 

Thk  Xemathelminthes  include  three  orders — the  Nematoda,  the 
NenvatoinoTpha,  and  the  Acanthocephala — which  have  little  else  in 
common  than  the  round  form  of  body  and  the  parasitic  habit. 

The  body  is  unsegmented,  rounded,  more  or  less  elongated,  tubular 
or  filiform,  and  both  ends  are,  as  a  rule,  tapered  off.     Appendages 
are  always  wanting,  as  are,  with  few  exceptions,  movable  bristles. 
On  the  other  hand,  special  organs  for  attiick  and  attachment,  such  as 
teeth  and  hooks,  are  not  unfrequently  present  on  tlie  anterior  end  of 
the  body :  and  in  some  cases  small  suckers,  which  serve  for  attach- 
ment during  copulation,  may  be  developed  near  the  hind  end.     As 
a    rule    tlie    integument   possesses   a   cuticular   layer  of    relatively 
considerable  thickness,  and  the  ectoderm  is  very  generally  reduced 
to   a   nucleated  granular   layer,  in  which  cell  outlines  are  absent. 
These  features  of  the  skin  are  probably  correlated  with  the  endo- 
parasitic  habit,  for  we  find  them  in  the  Treniatoda,  and  the  ectoderm 
of  the  Cesioda  is,  to  say  the  least  of  it,  much  modified.     In  these 
latter  groups   the  ectoderm   is  even  less   conspicuous  than  in  the 
Nemathelniinthes,     There  is  a  well-developed  muscular  layer,  wliicli 
generally  consists  of  longitudinal  fibres  only,  but  circular  fibres  are 
also  present  in  the  Acanthocephala,     A  body-cavity  is  always  present, 
but  it  appears  generally  to  be  without  an  epithelial  lining,  and  in 
Nematoda,  at  least,  is  bounded  on  one  side  by  the  endodermal  wall 
of  the  alimentary  canal.     As  to  the  nature  of  this  body-cavity  we 
have  little  evidence  except  in  the  Acanthocephala,  in  which,  from 
its  relation  to  the  generative  organs  and  duct  in  the  female  we  may 
infer  it  to  be  a  coelom.     It  contains  a  vascular  fluid,  tind  in  the 
other    orders    it    is    probably    a    haemocoele.      Blood    vessels    and 
special  resjnra^ory  organs  are  wanting.     A  nervous  system  is  always 
present,  but  it  presents  very  different  features  in  the  three  orders. 
Of  sense  ortjans  there  are  often  sensory  papillae  in  the  neighliourliood 
of  the  mouth  and  genital  openings,  and  eye  spots  are  often  present 
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in  the  free-living  forms.  Wliile  in  the  Acanthocephula  mouth  and 
alimentary  canal  are  completely  absent,  the  Nemaioda  and  Nemato- 
morpha  possess  a  mouth  at  the  anterior  end  of  the  body,  an 
oesophagus,  and  a  straight  digestive  canal,  which  usually  opens  by 
the  anus  on  the  ventral  surface  near  the  hind  end  of  the  body. 
The  excretory  organs  have  various  forms,  and  their  nature  is  not 
understood :  there  are  no  flame-cells.  In  the  Nemaioda  they  consist 
of  paired  canals  in  the  ectoderm,  which  open  by  a  common  pore  on 
the  same  surface  (ventral)  as  the  anus.  In  the  AcantTiocephala  there 
is  a  pair  of  organs  which  appear  to  be  of  the  nature  of  nephridia. 
The  absence  of  cilia  may  be  stated  as  a  general  characteristic  of  the 
group ;  but  they  are  said  to  be  present  in  the  supposed  nephridia  of 
the  AcantTiocephala. 

With  a  few  exceptions  the  Nemathelminthes  have  separated  sexes, 
and  the  male  organs  often  open  into  the  rectum  and  are  provided 
with  copulatory  spicula.  The  larvae  and  sexual  animals  are  not 
unfrequently  distributed  in  two  different  hosts. 

The  majority  of  the  Nemathelminthes  are  parasites  either  during 
the  whole  period  of  their  life  or  at  certain  stages.  There  are, 
however,  also  free -living  forms  which  often  show  the  closest 
relationship  to  the  parasitic  members  of  the  group. 

Glass  I.     NEMATODA  (THBEAD-WOBMS).* 

Nemaihelminthes,  tcith  inouth  and  alimentary  canal.  With  longi- 
tudinal muscles  only^  toith  lateral  lines,  without  dlia.  The  vas  deferens 
opens  into  the  rectum.     They  are  principally  parasites.     Dioecious, 

The  Nematodes  possess  an  extremely  elongated  thread-like  body, 
which  may  be  provided  vn\h  papillae  at  the  anterior  pole  in  the 
region  of  the  mouth,  or  with  hooks  and  spines  within  the  oral 
cavity.  The  mouth  leads  into  a  narrow  oesophagus,  which  usually 
has  tliick  muscular  walls,  a  chitinous  lining,  and  a  triangular  lumen, 

*  Besides  the  older  writings  of  Rudolphi,  Bremser,  Cloquet,  Di^ardin, 
compare  Diesing,  **  Systema  h^lmiiUhum/'  2  Bde.  Wien,  1860-61.  Diesing, 
*•  Revision  der  Nematoden,**  Wiener  SUzungsberichte^  42, 1860.  Clapar^e,**& 
la  formation  et  de  laficondaiion  dcs  oeitfs  chez  les  vers  NcmatodeSf^  Genfeve,  1866. 
A.  Schneider,  **  MoTiographie  der  Nematoden^*^  Berlin,  1866.  R.  Leackart. 
**Uni€rsiu:hungen  iihcr  Trichina  spiralis,**  Leipzig  and  Heidelberg,  1866,  2nd 
edition;  also  ** Die  menschlichen  Parasiten,'*  etc.,  torn.  2.,  Leipzig  and 
Heidelberg,  1876.  C.  Glaus,  '*  Ueher  Lcptodera  apprndiculaia"  Marburg,  1868. 
O.  Btitschli,  **  Untersuchungen  Uber  die  beiden  Nematoden  der  Periplaneta 
orien talis,'*  Zeitzschr,  filr  Wiss.  ZooL,  torn.  21.,  1871.  And  '*Beitrage  zur 
Kenntniss  des  Nervensystems  der  Nematoden,"  Arehiv,  filr  Mikr,  Anatomies 
torn.  10.  A.  Goette,  '*U7iters,  z,  Entwick,  d,  fVUrmer,"  Leipzig,  1882.  K. 
Leuckart,  *^Neue  Beitrdgc  z.  Kent,  d,  Bau  u.  d,  Lebensgesehichte  d,  Nemaioden" 
Leipzig,  1887.  A.  E.  Shipley,  "Nemathelminthes,"  Cambridge  Natural  Hiaiory, 
vol.  2,  May,  1896. 
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and  U  frequently  dilated  behind  to  a  muBcular  bulb  (pbarynx). 
certcun  genera  (Bhabditig,  Oxyuris),  the 
chitinous  lining  of  the  pharynx  is  raised 
into  ridgea  or  tooth-like  prominences,  to 
which  the  radial  muscles  converge  in  the 
form  of  conical  bundles.  According  to 
its  function,  the  oesophagus  is  easentiaJly 
a  suctorial  tube,  which  pumps  in  fluids, 
and  by  peristaltic  action  passes  them  on 
to  the  intestine.  The  intestine  follows 
the  pharynx,  and  opens  by  the  anus  not 
far  from  the  hind  end  of  the  body  on 
the  ventral  surface  (Fig.  326).  Its  walls 
are  formed  of  cells  and  are  non-muscular, 
and  are  coated  with  cuticle  both  inside 
and  outside;  it  may  be  reduced  to  a  row 
of  perforated  cells  {Fitaria).  The  ter- 
minal portion,  or  rectum,  has  a  special 
investment  of  muscular  fibres  which 
render  it  contractile.  Muscular  fibres 
passing  from  the  body-wall  to  the  wall 
of  tlie  rectum  are  also  frequently  present. 
Iq  certain  Nematodes  the  anus  may  be 
wanting  (Mermia);  and  in  some  genera 
(see  p.  290)  even  the  alimentary  canal 
undergoes  degeneration. 

Beneath  the  stiff  cuticle,  which  is  often 
tiansversely  ringed  and  ia  composed  of 
several  layers,  lies  a  soft  granular  nu- 
cleated subcuticular  layer  (kffpodermis), 
which  is  without  cell  limits  and  is  to  be 
T^rded  as  the  matrix  of  the  former. 
Beneath  this  lies  the  highly -developed 
muscular  layer,  wliicb  consists  of  band- 
shaped  or  fusiform  longitudinal  muscles. 
Hie  surface  of  the  body  may  present 
markings,  as  for  instonce  polyhedric  spaces  and  longitudinal  ribe, 
also  processes  in  the  form  of  tubercles,  spines,*  and  hairs.     Ecdyses, 

*  Thero  ma;  hIso  be  prominences  of  Tarioua  kindii,  and  even  in  some  cases  a 
Mmplete  covering  of  spines  {Cli^raeanthia  Dies.  =  Onathoatoma  Ovf.,  Ch. 
Mptdutn  Fedsch.). 


posterior  CDil.  r.  I 
large^L ;  Sp  tiplciiluii 
II closed  embryo. 
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i.e.,  sheddings  of  the  cuticular  layer,  seem  only  to  occur  in  the  young 
fonns.  The  muscles  are  each  composed  of  a  single  cell,  in  which 
two  parts  are  distinguishable, — a  clear,  sometimes  a  granular  proto- 
plasmic portion  (medullary  substance),  which  projects  into  the 
body-cavity  and  is  often  prolonged  into  processes;  and  an  external 
fibrillated  layer  (Fig.  227). 

The  Nematodes  may  be  distinguished  as  Meromyaria  or  Pohj- 
my  aria,  according  to  the  arrangement  of  their  muscular  system. 
In  the  Meromyaria  the  number  of  muscle-cells  (which  are  arranged 

according  to  definite  laws)  in  the  cross  section  Is 
small  (eight),  while  in  the  Polymyaria  their  nimiber 
is  considerable.  In  the  latter  the  muscle-cells  are 
often  connected  together  by  transverse  processes  of 
the  medullary  substance,  which  unite  on  the  so-called 
median  lines  to  form  a  longitudinal  cord. 

In  almost  every  case  two  lateral  regions  remain 
free  from  muscles,  and  form  the  so-called  lateral 
lines  or  regions,  which  may  equal  in  breadth  the 
neighbouring  muscular  regions.  These  lateral  regions 
are  internal  projections  of  the  hypodemiis,  and  arc 
formed  of  a  finely  granular  nucleated  substance,  and 
enclose  a  clear  vessel  containing  granules.  This 
vessel  is  connected  with  that  of  the  opposite  side 
in  tlie  anterior  part  of  the  body,  and  the  two  open 
by  a  common  tninsverse  slit,  the  excretory  i>ore,  on 
the  ventral  surface  in  the  median  line.  The  lateral 
lines  are  reganled  as  the  excretory  organs*  Median 
lines  (dorsal  and  ventral),  accessory  median  lines 
(sub-median  lines),  the  latter  being  placed  between 
the  principal  median  line  and  the  lateral  line,  are 
also  to  be  distinguished.  Cutaneous  glands,  in  the  form  of  uni- 
cellular glands,  have  been  observed  principally  in  the  region  of  the 
oesophagus  and  in  the  tail. 

The  nervous  ssrstem,  owing  to  the  difficulty  which  its  investigation 
offers,  has  only  been  satisfactorily  recognized  in  a  few  forms.  It 
consists  of  a  nerve  ring  (Fig.  228)  surrounding  the  oesophagus,  near 
the  anterior  end  of  the  body,  in  Asc,  inegalocephala  just  in  front  of 


Fio.  227.-Musclft- 
cell  of  a  Ne»ia- 
tode. 


*  Hamaun  (Sitz.  Ber.  Akad.  Berlin,  1891,  p.  67)  asserts  that  in  LectinocephnhiSt 
in  which  the  right  canal  only  is  present,  the  excretory  canal  is  coiled,  and  ends 
{K>steriorly  in  a  small  opening  into  the  body-cavity.  This  statement  needs 
coufimiation. 
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the  excretory  pore,  and  sending  ofT  posteriorly  sis  and  anteriorly  six 
nerve  trunks  (AsearU  megalocephala,).  The  two  largest  posterior 
trunks  run  in  the  dorsal  and  ventral  lines  {N.  donalis,  ventralui), 
the  four  smaller,  two  in  each  lateral  line,  to  the  extremity  of  the 
tail ;  while  of  the  six  anterior  nerves,  two  run  in  the  lateral  lines 
(N.  laterales),  and  four  in  the  interspaces  between  the  lateral  and 
median  linea  {N.  eubmediani) ;  they  supply 
the  papillae  around  the  mouth.  The  gan- 
glion cells  lie  partly  near,  in  front  of  and 
behind  the  nerve  ring,  partly  on  the  fibrous 
coids  themselves,  and  are  arranged  in  groups 
which  can  be  distinguishedjaa  ventral,  doraal, 
and  lateral  ganglia.  There  are  in  addition 
groups  of  ganglion  cells  in  the  median  lines 
and  in  the  lateral  lines  in  the  caudal  region. 

As  sense  organs  we  must  mention  the 
eyes  found  in  the  free-living  Neinaloda,  and 
the  papillae  and  tactile  hairs  found  princi- 
pally in  the  neighbourhood  of  the  mouth. 
Each  papilla  is  supplied  by  one  nen'e  fibre, 
which  is  swollen  to  a  knob  and  forms  the 
axis  of  the  papilla. 

The  body-cant7  is  a  continuous  space 
between  the  longitudinal  muscles  of  the 
body-wall  and  the  outer  cuticle  of  the  gut- 
wall  ;  it  contains  a  corpusculated  and  colour- 
lees  fluid.  The  homology  of  the  cavity  is 
doubtful ;  it  occurs  between  the  muscles  and 
the  endoderm,  and  it  has  no  relation  to  the 
gonads  or  excretory  organs.  There  is  no  vas- 
cular syBtem. 

Qeneiatlve  organs.  The  Nematodes  are 
dioecious  (with  exception  of  tlie  hermaphro- 
dite Pelodytei,  and  of  Bhabdonema  (JeaMTs) 
nijjrovenotum  and  AUantonemn  mirahile, 
which  produce  first  spermatozoa  and  later 
ova).     The  mates  are  characterised  by  the 

the  posterior  end  of  the  body  being  generally  curved.  Both  kinds 
of  generative  organs  consist  of  a  single  tube  or  of  ])aired  and 
often  much  coiled  tubes,  at  the  upi>er  end  of  which  the  generative 
products  are  developed,  the  lower  ends  representing  the  efferent  ducts 


;  Ai  mil  gBnglioD 


r  smaller  size,  and   by 
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and  receptacula  of  the  generative  products.  The  usually  paired 
ovarian  tubes  are  distinguishable  into  the  following  regions:  the 
ovary  where  the  eggs  are  developed;  the  oviduct  along  which  they 
pass  to  reach  the  uterus,  a  more  dilated  region  where  they  are 
fertilised  and  often  pass  through  a  part  or  the  whole  (viviparous 
forms)  of  their  development;  the  two  uteruses  lead  into  the  single 
vagina,  which  opens  to  the  exterior  on  the  ventral  surface  somewhat 
in  the  anterior  region  of  the  body  or  near  the  middle,  rarely  near 
the  hind  end.  The  male  generative  apparatus,  which  contains 
amoeboid  spermatozoa  without  flagellum  or  vibratile  appendage,  is 
almost  invariably  represented  by  an  unpaired  tube,  and  usually 
opens  on  the  ventral  surface  near  the  posterior  end  of  the  body  in 
a  common  opening  with  the  intestine.  As  a  rule,  the  common 
cloacal  portion  contains  two  pointed  chitinous  rods,  the  so-called 
apicula,  in  a  pouch-like  invagination.  These  spicula  can  be  pro- 
truded and  retracted  by  a  special  muscular  apparatus,  and  serve  to 
fasten  the  male  Ixxiy  to  the  female  during  copulation.  In  many 
cases  (Strongylidae)  an  umbrella-like  bursa  is  added,  or  the  terminal 
portion  of  the  cloaca  can  be  protruded  like  a  penis  {Trichina))  in 
such  cases  the  cloacal  aperture  lies  almost  at  the  extreme  end  but  is 
still  ventral  {Acrophalli).  In  the  male,  papillae  are  almost  always 
present  in  the  region  of  the  posterior  end  of  the  body,  and  their 
number  and  arrangement  aflford  important  specific  characters.  The 
upper  ends  of  the  generative  organs  in  both  sexes  (ovary  and  testis) 
consist  of  a  multinucleated  cord  in  which  cell  limits  are  not  dis- 
cemi])le :  lower  do^vvn  cell  limits  become  discernible,  but  all  the 
cells  are  attached  by  a  stalk  to  a  central  protoplasmic  cord — the 
rachis.  In  the  oviduct  and  vas  deferens  the  germ  cells  (progametes) 
become  entirely  free  and  lie  loose  in  the  cavity  of  the  duct,  and 
divide  into  the  definite  genital  cells  or  gametes  (ova  or  spermatozoa). 
Development.  The  Nematoda  for  the  most  part  lay  eggs;  it  is 
only  in  rare  cases  that  they  bear  living  young.  The  eggs  usually 
possess  a  hard  shell  and  may  l^e  laid  at  different  stages  of  the 
embryonic  development  or  before  it  has  begun.  In  the  viviparous 
Nematodes  the  eggs  lose  their  delicate  membranes  in  the  uterus  of 
the  motlier  {Tnchina,  Filaria),  Fertilization  takes  place  by  the 
entry  of  a  spermatozoon  into  the  ovum,  which  is  still  without  a 
membrane.  The  segmentation  is  equal,  and  leads  to  the  fonnation 
of  a  kind  of  invaginate  gastnila,  from  the  two  cell-layers  of  which 
are  developed  the  body-wall  and  the  alimentary  canal.  The  embiyo 
gradually  assumes  an  elongated  cylindrical  fonn,  and  comes  to  lie 
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rolled  up  in  several  coils  within  the  shell.  The  excretory  pore  and 
the  rudiments  of  generative  organs,  as  well  as  a  nerve  ring,  are 
present  in  the  embryo,  which  is  also  provided  with  mouth  and 
anus.  Tlie  free  development  is  a  metamorphosia,  usually  compli- 
cated by  the  circumstance  that  it  is  not  undergone  in  the  habitat 
of  the  mother.  The  young  stages  or  larvae,  probably  of  most 
Nematodes,  have  a  different  habitat  to  that  of  the  sexually  adult 
animal,  being  contained  in  diiferent  organs  of  the  same  or  even 
of  different  hosts.  The  larvae  live  for  the  most  part  in  parenchy- 
matous organs,  either  free  or  encysted  in  a  connective  tissue  capsule; 
the  adults,  on  the  contrary,  live  principally  in  the  alimentary  canal. 

The  embryo  is  almost  invariably  characterised  by  the  special  form 
of   the   oral   and   caudal    extremities,    but  sometimes   also  by   the 
possession  of  a  boring  tooth.     Sooner  or  later  the  skin  is  shed,  and 
the    animal     enters    its    second 
stage,  which  may  often  still  be 
considered    as    a    larval    stage ; 
repeated     ecdyses     precede     the 
sexually  adult  stage. 

The  post- embryonic  develop- 
ment of  the  Nematodes  presents 
numerous  modifications.  In  the 
simplest  coses  the  embryo,  while 
still  enveloped  in  the  egg  mem- 
branes, is  transported  passively 
in  the  food  (Oxyuris  vermicularis 
and    Trichocepkatug).      In  many 

Ascaridae  the  embtyos,  which  are  provided  with  a  boring  tooth. 
Gist  make  their  way  into  an  intermediate  host,  by  which  they  arc 
transported  into  the  intestine  of  the  second  host  with  the  food  or 
water. 

More  frequently  the  young  forms  encyst  within  the  intermediate 
host,  and,  enclosed  in  the  cyst,  are  transferred  into  the  stomach 
and  intestine  of  the  permanent  host  (Fig.  239).  For  example,  the 
embryos  of  Spiroptera  obtusa  of  the  mouse,  while  still  in  the  egg 
membranes,  arc  taken  with  the  food  by  the  meal-worm,  in  the  body 
cavity  of  which  they  encyst.  In  the  viviparous  Tnchina  spiralis 
there  is  a  modification  of  this  mode  of  development,  inasmuch  as 
the  migration  of  the  embryos  and  their  development,  to  the  stage 
found  encysted  in  the  muscles  (muscle-trichina),  takes  place  in  the 
same  animal  which  contains  the  sexually  mature  intestinal  Trichinas. 
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The  development  of  the  Nematode  larvae  often  makes  a  consider- 
able advance  within  the  intennediate  host  into  which  they  have 
migrated.  Thus,  for  instance,  in  Cuctdlanus  elegans,  the  embryos 
migrate  into  the  Cyclops^  and  in  the  body  cavity  of  these  small 
Cmstacea  undergo  two  ecdyses  and  essential  alterations  of  form, 
obtaining  at  this  early  stage  the  characteristic  oral  capsule  of  the 
sexually  adult  stage,  to  wliich  they  only  develop  in  the  intestine 
of  the  perch.  According  to  Fedschenko,*  a  similar  mode  of  develop- 
ment occurs  in  FUaria  inedinensia.  The  embryos  pass  into  puddles 
of  water,  and  migrate  thence  into  the  body  cavity  of  the  Cyclopidae; 
and  after  casting  their  skin  assume  a  form  which,  except  for  the 
absence  of  the  oral  capsule,  resembles  that  of  the  larva  of  CucuUanus, 
After  the  expiration  of  two  weeks  there  is  another  ecdjfeia,  with 
which  is  connected  the  loss  of  the  long  tail.  The  later  history  is 
unknown.  It  has  not  yet  been  discovered  whether  the  migration 
of  the  Filarian  larva  into  the  permanent  host  (man,  see  p.  289)  takes 
place  within  the  body  of  the  Cyclops,  or  independently  after  copulat- 
ing in  the  free  state. 

The  embryos  of  some  Nematoda  develop  in  damp  muddy  earth, 
after  casting  their  skin,  to  small  so-called  Rhahditis  forms  with  a 
double  enlargement  of  the  oesophagus,  and  with  a  pharyngeal  arm- 
ature. They  lead  an  indei>endent  life  in  tliis  habitat,  and  finally 
migrate  to  lead  a  parasitic  life  within  the  permanent  host,  where, 
after  several  ecdyses  and  alterations  of  form,  they  attain  the  sexually 
mature  condition.  This  mode  of  development  occurs  in  Dochmuu 
trigonocephalus  from  the  intestine  of  the  dog,  and  very  probably 
in  the  nearly  allied  D»  (^Ancylostomum)  duodencdis  of  man,  and  also 
in  Scleroatomum, 

The  offspring  of  parasitic  Nematodes  may,  however,  attain  sexual 
maturity  in  damp  earth,  as  free  Rhahditis  forms,  and  represent  a 
special  generation  of  fonus  whose  offspring  again  migrate  and  l^ecome 
parasites.  Such  a  life-Iiistory  is  a  case  of  heterogamy.  It  occurs 
in  Rhahdonema  nigrovenoaum^  a  parasite  in  the  lungs  of  Batrachians. 
These  parasites,  which  are  alxDut  half  to  three-quarters  of  an  inch 
long,  all  have  tlie  structure  of  females,  but  contain  spermatozoa, 
which  are  produced  (as  in  the  viviparous  Pelodytes)  in  the  same  tubes 
as,  but  earlier  than  the  ova.  They  are  viviparous.  The  embryos 
make  their  way  into  the  intestine  of  their  host,  and  accumulate  in 

*  Comi>aie  Fedschenko,  "  Ueber  den  Bau  und  Entwicklung  der  FiUria 
medineusis,"  in  tlie  Beriditni  der  Frcuiide  der  A'cUurunssetischa/ten  in  MoskaUy 
toHi.  8  and  10. 
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the  rectum,  but  finally  pass  to  the  exterior  in  the  faeces,  and  so 
reach  the  damp  earth  or  muddy  water,  where  they  develop  in  a  short 
time  into  the  Rhabditis-like  forms,  which  have  separate  sexes  and 
are  barely  1  mm.  in  length  (Fig.  230,  a  and  b).  The  impregnated 
females  of  the  latter  produce  only  from  two  to  four  embryos,  which 
become  free  inside  the  body  of  the  mother,  pass  into  her  body  cavity, 
and  there  feed  on  her  organs,  which  disintegrate  to  form  a  granular 
detritus.      They  finally  migrate  as  slender,  already  tolerably  large 


a  h 

Fio.  280. — o,  lihahdonema  (AscnrU)  niffropenosiim,  about  3*5  nun.  in  length,  in  the  stage  of 
maturity  of  the  male  products ;  (7  genital  glands ;  0  mouth  ;  D  intestine ;  A  anus ;  N  nerve- 
ring  ;  Drz  glandular  cells ;  Z  isolaUxl  spermatozoa,  b,  male  and  female  RhaJxlitis  forms  trom 
about  1*6  mm.  to  2  mm.  long ;  Ov  ovary ;  T  testis ;  V  female  genital  opening ;  Sp  spicula. 


Nematodes  into  the  lungs  of  the  Batrachia^  passing  through  the 
buccal  cavity  and  glottis.  A  similar  alternation  of  parasitic  forms 
with  free-living  Rhalxlitis  generations  is  presented  by  Rhahdonema 
stronifyloides  {Am/uilltda  stercoralis),  parasitic  in  man  (p.  290),  and 
by  Bradyneina  mirahiU  (this  is  probably  the  real  explanation  of 
Zur  Strasse's  observation,  see  p.  290).  Rhahdoiiema  {Leptodera) 
appendiculata,  wliich  lives  in  the  slug  Arion  empiricorum^  also 
presents  in  its  development  a  like  alternation  of  lieteromorpliic 
generations,  which,  however,  are  not  strictly  alternating,  inasmuch 
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as  numerous  generations  of  the  free  Rhahditis  fonn  may  succeed 
one  another,  before  there  is  a  return  to  the  parasitic  condition.  The 
Rhahdonema  appendictdata  is  also  peculiar,  in  that  the  form  parasitic 
in  the  slug  is  a  larva  characterized  by  the  absence  of  a  mouth 
and  by  the  possession  of  two  long  band-shaped  caudal  appendages; 
it  quickly  attains  maturity,  but  only  after  a  migration  into  damp 
earth  and  after  losing  the  caudal  appendages  and  casting  the  skin. 

The  Nematoda  feed  on  organic  juices,  some  of  them  also  on  blood, 
and  are  enabled  by  their  armed  mouth  to  inflict  wounds  and  to  gnaw 
tissues.  They  move  by  bending  their  body  with  a  rapid  undulatory 
movement  towartls  the  ventral  and  dorsal  surfaces.  Although  most 
Nematoda  are  parasitic,  they  usually  lead  an  independent  life  iii 
certain  stages  of  their  life-history.  Numerous  small  Nematoda 
{Anguillulidaey  Enoplidae)^  however,  are  never  parasitic,  but  live 
freely  in  fresh  and  salt  water,  and  in  the  earth.  Some  Nematodes 
are  parasitic  in  plants,  e.g,^  Anguillula  tritici^  dipsaciy  etc.,  and  may 
even  produce  gall-like  deformities  (TylencJius),  others  live  in  decaying 
vegetable  matter,  e.g,,  the  vinegar  worm  in  fermenting  vinegar  and 
paste.  In  many  cases  the  migration  of  the  parasite  is  a  condition 
necessary  to  the  attainment  of  sexual  maturity,  e.^.,  in  Mermis^  where 
sexual  organs  are  not  developed  till  the  worm  leaves  its  host  and 
becomes  free  in  damp  earth,  in  which  copulation  of  the  sexes  is 
effected.  Finally  there  are  certain  small  Nematodes  the  females  of 
which  alone  are  parasitic.  These,  after  copulation  in  the  free  state 
with  the  small  males,  migrate  into  insects,  and  under  the  favourable 
conditions  of  parasitism  not  only  increase  enormously  in  size,  but  also 
undergo  structural  modifications  favourable  for  the  production  of  a 
large  numlxjr  of  embryos.  In  Attradonema  gihhosum  and  in  Sphae- 
ridaria  homhi,  the  remarkable  parasite  of  the  humble-bee,  the  females, 
after  copulating  in  the  free  state,  migrate,  the  former  into  the  larva 
of  the  gall-fly  Cecidomyia  pini^  the  latter  into  the  queen-bees,  which 
live  through  the  winter.  Here  the  gut  degenerates,  and  a  kind  of 
hernia  of  the  body-wall,  containing  the  generative  organs,  is  formed, 
while  the  body  of  the  worm  shrinks  to  a  small  appendage  (Fig.  231). 
The  eggs  develop  in  the  body  of  the  insect  into  larvae,  which  pass 
out  of  the  body,  l[)ecorae  free,  and,  either  after  a  few  days  (Attrad- 
onema) or  after  some  months  (Sphaerularia)^  become  sexually 
mature. 

The  power  possessed  by  small  Nematodes  of  resisting  the  effects 
of  prolonged  desiccation  and  of  coming  to  life  again  (so  to  speak) 
on  being  moistened  is  remarkable. 
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Fam.  1.  AMuidM.  Body  tolenblj  stout.  Mouth  nritb  three  lipa  famished 
with  ptpillae,  one  of  which  is  dorsal,  while  the  other  two  meet  together  iu  the 
rentrsl  liae.  Bnccat  cavi^  rarsly  furniehed  with  pi«cea  of  chitia.  Poaterior 
portion  of  oesophagus  often  forming  a  distinct  pharyngeal  bnlh.  Poaterior 
end  of  male  yentrally  curved,  and  usually  furnished  with  two  homy  spicula. 
Parasitic  in  the  alimentary  canal  of  aninisla. 


Aaairit  L.  Polyiuyarian,  edges  of  lips  dentated  in  the  larger  species. 
Pharyngeal  bulb  not  distinct ;  hind  end  usualLy  short  and  conical,  and  in  the 
malealwayaprovided  with  two  spicula  (Fig.  232);  iu  Vcrttbrata.  A.  lumbrkoida. 
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Ooqaet,  the  human  round  wonn,  4  to  14  in.  in  length,  &  smaller  variely  in  the 
l>ig  \A.  tuilia  Doj.).  The  eggs  pan  out  into  water  or  damp  earth,  and  renuuB 
there  [or  some  manths,  until  the  embryonic  development  is  completed.  Thej 
an  probably  introduced  direct  into  the  alimentary  canal  at  their  boat  (Graai 
Hnd  Ebsteia).  The  smallest  worm  found  in  the  human  intestine  is  8  mm. 
iu  length.  A.  megalocephala  Cloq.,  horw  and  oi,  may  attain  a  length  of 
17  inches.  A.  myitax  Zed.,  dog  and  cat,  sometimes  man.  There  is  a  large 
uimiber  of  species  found  in  all  classes  of  Vertebrates. 

HOerakU  Duj.  Polymyarian,  hind  end  of  male  with  a  pi«snal  sucker  and 
two  lateral  thickenings,  spicnlos  unequal,  intestine  of  Vertebrates. 

Oxyurit  Eud,  Meromyarian  ;  pharyngeal  bulb  with  teeth,  hind  end  of  femal* 
thin  and  pointed,  male  with  one  spicutnm,  in  Vertebrates  and  Insects  (cockroach 
«nd  l)eetlea) ;  0.  vermicularia  L.,  large  intestine  of  man,  introduced  directly  as 
eggs ;  0,  ciiTvitla,  caecum  of  horse ;  MemiUtaryi  Schn.,  in  Amphibia ;  Orifxma 
Schn. ;  ItaJcu  Lesp^  Arthropods  and  terrestrial  Molluscs ;  LaHdurta  Schn.; 
Aipidoeephaliia  Diia.;  Brterocheiliu  Dim.;  /teritmdWiu*  Dies. 


Fi^i.  i3%~Jinir!ijHv,briroiiln  (nfUr  Untksrt).     o,  hina  ouU  of  n^le  with  the  two  >pteil»; 

HAUle  troni  the  veiatnL  stde  with  the  two  lateral  ventral  lipa  sni]  the  excrctor;  pure  (^; 
d,  egb'  with  the  external  tiiembnne  formed  ot  amsll  clear  epherulei. 

Fam.  2.     Strongylidaa.    The  male  genital  opening  is  at  the  posterior  end  of 

tiie  liody,  at  the  bottom  of  a  bell-shatied  bursa,  the  margin  of  which  carries  a 
variable  number  of  papillae  ;  no  pharyngeal  bulb.  EiittTOngylia  Dies.,  [loly- 
myarian,  ivith  six  oral  papillae  and  a  lavi  of  papillae  on  either  lateral  line. 
Tlifl  bursa  is  bell-shaped  and  completely  closed,  with  regular  muscular  walls  and 
nunieroua  marginal  japilloe,  Tliere  19  only  one  B)iiouluni.  The  female  genital 
o])ening  is  far  forward.  The  larvae  live  encysted  in  fialies  {Filaria  eydiea 
from  Syiiilirandtus).  B.  gigaa  Rud.,  the  body  of  the  female  is  three  feet  in 
length,  and  only  twelve  mm.  thick.  It  lives  singly  in  the  pelvis  of  the  kidney 
of  the  seal  and  otter,  etc.,  and  very  rarely  in  man  ;  got  by  eating  raw  fish. 

Strongyliit  Kud.  With  six  oral  ))Bpillae  and  small  mouth.  Two  conical 
cervical  papillae  upon  the  lateral  lines.  The  posterior  end  of  the  male  has 
an  umbrelU-Iike  incompletely  closed  bursa.  Two  equal  spicula,  usually  with 
unpaired  supiwrting  organ.  The  female  sexual  opening  is  sometimes  approsched 
to  the  posterior  end  of  the  body.  Tliey  live  for  the  moat  part  iu  the  lunp 
and  bronchial  tubes.  The  larvae  live  in  damp  earth,  and  probably  pass  into 
the  host  directly  in  the  food.  St.  Unxgtwgin/iitta  Dies,  bod;  'li  mm.  long, 
5  to  7  mm.  thick.  The  feniale  sexual  opening  lies  directly  in  front  of  the 
anus,  and  lends  into  a  simple  ovarian  tube.  Only  once  found  in  the  lung 
of  a  six-year  old  boy,  in  Klauscnburg.     St.  paradoxal  Mehlia,  in  the  bronchial 
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>f  the  pig.  SL  filaria  Rud;,  in  the  bronchial  tubes  of  the  sheep.  SL 
UUvs  Dies.,  in  the  trachea  and  bronchial  tubes  of  the  hare  and  rabbit 
rkularia  Rud.,  in  the  small  intestine  of  Batrachia,  St,  mierurus  in 
ims  on  the  arteries  of  the  ox. 

milts  Dnj.  With  wide  mouth  and  homy  oral  capsule,  the  edge  of  which 
igly  toothed.  Two  ventrally  placed  teeth  project  at  the  bottom  of  the 
psnle,  while  on  the  dorsal  wall  a  conical  spine  projects  obliquely  forwards. 
denalU  Dub.  (Ancylostomiim  duodenale  Dub.),  10  to  18  mm.  long,  in  the 
ntestine  of  man,  discovered  in  Italy  (Fig.  238) ;  very  widely  distributed 
»untries  of  the  Nile  (Bilharz  and  Griesinger). 
of  its  strongly  armed  mouth  it  wounds  the 
lal  mucous  membrane,  and  sucks  the  blood 
le  vessels.  The  frequent  haemorrhages  occa- 
by  these  Dochmii  are  the  cause  of  the  illness 
by  the  name  of  Egyptian  chlorosis.  It  has 
liecn  established  that  this  worm  occurs  in 
and  that,  like  D.  trigonocepkaliiSt  it  develops 
lies  of  water  (Wucherer).  D.  trigo7iocephalus 
in  the  dog.  Sclerostonium  Rud.  With  char- 
of  Doclimius,  but  with  a  different  oral 
',  into  which  two  long  glanular  sacs  open. 
',inum  Duj.  =  armatum  Dies.  In  the  intcs- 
ad  the  mesenteric  arteries  of  the  horse, 
freely  in  Bhahditis  form.  Bollinger*  has 
that  the  phenomena  of  colic  in  the  horse 
e  refeiTed  to  embolic  processes  proceeding 
ineurism  of  the  intestinal  artery.  Each 
im  contains  about  nine  worms.  Sc.  Utra- 
m  Mehlis,  also  in  the  intestine  of  the  horse, 
nbryos,  after  migrating  into  the  intestine, 
\  encysted  in  the  walls  of  the  rectum  and 
I,  assume  within  the  cyst  their  definite  form, 
>ut  from  tlie  cyst,  and  escape  again  into  the 
le.  Pseudalius  Duj.;  Physaloptera  Rud.; 
mus  Mull.;  C,  elegans  Zed.,  in  the  perch, 
capsule  well  develoi)cd ;  viviparous,  the 
pass  into  water  and  enter  Cyclops, 
lanus  Lkt. ;  0,  tricuspis  Lkt.,  in  the  cat, 
young  encysted  in  the  mouse.  Syngamus 
I ;  S.  trachealis  Sieb.,  in  trachea  and  bronchi 
try— cause  o{  gapes,  the  male  is  permanently 

td  to  the  female  by  the  application  of  the  bursa  to  the  female  opening. 
;g8  hatch  on  the  groimd  or  in  water.  No  second  host,  though  the 
>8  may  be  eaten  by  earthworms  and  remain  alive  in  their  alimentary 

.  3.     Trichotrachelidae,  with  long,  thin  anterior  portion  of  the  body, 
small,  without  papillae.     Oesophagus  very  long,  traversing  a  i)eculiar 
r  cells. 
hocephxdiis  Goeze.     Anterior  part  (Fig.  234)  of  the  body  elongated  and 

)llinger,  *'Die  Kolik  der  Pferde  und  das  Wurmaneurysma  der  Eingo> 
rtcrien,"  Miinchen,  1870. 


Fio.  2S&.—D(Khmi\is  dvodefudis 
(after  R.  Leackart).  a,  male ; 
0  mouth ;  li  bursa.  &,  female  ; 
0  month  ;  A  anua ;  V  vulva. 
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whip-slutped :  posterior  part  cylindrical  and  shftrpl;  diltinct,  encltwiDg  the 
generative  organs,  curved  in  the  male.  lateral  Ijnea  abseut.  Main  mediu 
lines  present.  The  peab  is  sleniier  and  fumished  vriUi  a  sheath,  which  ia  turned 
inside  out  vhen  the  formcT  ia  protruded.  The  hard-ahelled,  lemon-shaped  egg) 
undergo  the  first  part  of  tlieir  developmeDt  in  water,  without  iaterniediate  host. 
Tr.  diipnr  Rud.  In  tlie  human  colon  :  these  irorms  do  not  live  Free  in  tlie 
intestine,  but  liurj  their  Glirorm  auterior  eitremit;  in  the  mucous  membrane 
(Fig.  234].  The  eggs  pass  out  ot  the  host  with  the  fiwees,  as  yet  without  a  sign 
of  beginning  development,  which  only  takes  place  alter  a  prolonged  sojoum  in 
the  water  or  in  s  damp  place.  According  to  the  experiment*  of  Leuckart, 
performed  with  Tr.  t^ginii  of  the  sheep  and  IV.  creTtalju  oF  the  pig,  embryos 
with  the  egg  membranes,  if  introduced  into  the  inteatine,  develop  into  the  adnit 
Trie/ioeephatut ;  and  we  may  therefore  conclude  that  the  human  TV,  diipar  a 
introduced  directly,  and  with- 
out an  intermedials  hoet,  either 
in  the  driokiog  water  or  in 
uncle»ned  Food.  The  young 
Tr.  di^xir  is  at  first  hair-lile, 
and  resembles  a  Triehina,  and 
only  gradually  acquires  the 
considerable  thickness  of  the 
hind  end  of  the  body. 

Triiduaomum   End.      Body 
thin,  hair-like,   bat   the  pos- 

♦  ^m  ^%  \  ^^B^^^F       terior  end  oF  the  body  in  the 

tM    I    I    \  "~=^^^^£!I—        female    is    swollen.      lateral 

IV    I     I      ti         ~  -^^9^^^^      lines  and  the  principal  niedisD 
|l     ^   I      i  ^^SSeE       ^'"^  "^  present     The  male 

■      VVs/  ^^sl9E       caudal  extremity  has  ■  enta- 

il        X  ~^V^BI^^        neons  Fold  and  a  simple  penis 

(spiculum)  and  sheath.  Tr. 
murii  Creplin.,  in  the  large 
intestine  of  the  honse-mooss. 
Tr,  craaieatida  Bellingh.,  in 

_,_^,  _,. , the    bladder    of   the    rat. 

buity  burled  in  the  mncuus  meiiibnua ;  Sp  splcalnin.  According  to  Leuckart,  the 
dwarfed  male  lives  in  the 
uterus  of  the  female,  and  there  are  nsusllj  two  or  three,  more  rarely  four  or 
five  males  iu  a  siiiglc  female.  There  is  also  a  second  species  oF  TricAcaimuirK 
found  iu  the  bladder  of  the  rat,  Tr.  Schmidtii  v.  Linst.,  the  larger  mate  oF 
which  was  Formerly  taken  For  that  of  Tr,  ormjicaitda. 

Trichiaa  Owen.*  Hody  thiu,  hair-like.  Principal  median  lines  and  lateral 
linos  are  present.  The  female  generative  opening  well  forward.  The  hind  end 
of  the  body  without  spicule  ;  with  two  small  conical  papillae,  between  which 
the  cloaca  projects. 

Tt.  ipiralia  Owen,  in  the  alimentary  canal  of  man  and  nomerouB,  principally 
carnivorous,  mammalia ;  hardly  two  tiues  in  length.  The  viviparous  female* 
begin  to  bring  Forth  embryos  about  eight  days  after  their  entrance  into  the 
alimentary  canal.  These  embryos  traverse  the  intestinal  walle  and  body  cavity 
of  the  host,  and  migrate,  ]>arlly  by  their  own  movements  in  the  bundles  of 
*  Coni|nre  the  writings  of  R.  Leuckart,  Zenker,  E.  Virchow,  Pagenstecher,  etc 
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stive  tissue,  partly  with  the  aid  of  the  currenta  of  blood,  into  the  atriped 
as  of  the  body.     They  pierce  the   Borcolemijna  and  penetrate  into  Oie 


:h  ML,  *Dl1  cnc/Btid. 


ti  niatnra  ftnule  Trichina  trom  the  ilimeatary  eiiiial :  G  gentul 

r>    b  mile    TCetlU.  c.eiubrjo.  d.einbryowhich  hMinlgr«led 

■  d«nbl7  enlargid.  t,  th«  ume  developed  Into  ■  colled  Uoscle 
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primitive  bundles,  the  Eubstance  of  which  degenerates,  the  deKeoention  being 
accompanted  by  *a  active  multi plication  of  the  nuclei.  In  a  space  of  rourtmi 
daya  thpy  develop,  i\'itliiii  a  uc-like  snelliag  of  the  muicle  fibres,  iuto  spirally 
coiled  wanes,  around  which  and  within  the  Harcoleninia  ajid  its  connectiit 
tissue  iiiveatnient  a  clear  lenion-shaped  capsule  is  excreted  from  the  degeneratel 
muscle  substance.  The  young  Muscle -Trichioa  can  remain  living  for  ye»re 
within  this  uapsiilo,  which  at  first  very  delicate,  gradually  beeotnet  thickenfil 
and  hard  by  the  fonnation  of 
other  layers  and  by  the  graduil 
deposition  of  calcareous  matter. 
If  the  encysted  animal  is  ttans- 
ferted  into  the  intestine  of  some 
warm-blooded  animal  in  the  flnli 
of  ita  first  host,  it  is  freed  from 
its  cyst  by  tbe  action  of  tlie  gas- 
tric juice,  and  the  rudimentary 
generative  organs,  which  an 
already  tolerably  far  developol, 
quickly  attain  maturity.  In  from 
three  to  four  days  after  their 
introduction  the  asexual  Musclt- 
Trichinaa  become  aeinal  Triehinai 
Tliese  copulate  and  produce  a 
brood  ot  embryoa  whieli  migrate 
into  tbe  tiasues  of  tbe  liost  (one 
female  may  produce  as  many  lu 
1000  embryos)  (Fig.  235).  The 
house  rat  is  especially  to  lie  men- 
tioned as  the  natural  host  of  tht- 
Triehiiia.  This  nninial  does  nol 
hesitate  to  eat  the  carcase  of  iU 
own  Bpeciee,  and  so  the  THcliins 
infection  ia  passed  on  from  genera- 
tion to  generation.  Carcases  in- 
fected  with  Tricbiniu  are  sometimes 
eaten  by  the  omnivorous  pig,  in 
whose  flesh  the  encysted  Tritkinas 
are  introduced  into  the  intestine 
of  man,  and  occasion  the  well- 
known  disease,  Trichinosia,  which 
when  the  migration  takes  place 
in    nuniben,    often    has    a    fatal 

Fam.  4.  FilBiUdae.  Bo<ly  liliforni,  elongated,  often  with  six  oral  jiapillae, 
soniftinies  with  b  horny  oral  cajisulo,  u'itb  four  praeanal  pairs  of  papillae,  to 
which  an  unpaired  |iapilla  may  lie  added,  with  two  unequal  spicula  or  with 
simple  spiculum. 

Filaria  O.  Fr.  Mull.  (Fig.  236).  With  small  mouth  and  narrow  oesophagus 
Tliis  gcuus,  which  is  sometimes  destitute  of  papillae,  lives  outside  tbe  viscera, 
usually  in  connective  tissue,  frequently  beneath  the  skin,  and  is  divided  by 
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Diesing  into  numerous  genera.  F,  {DracunciUus)  medinensis*  Gmel.  the  Guinea 
worm,  in  the  subcutaneous  cellular  tissue  of  man  in  the  Tropics  of  the  Old  World, 
reaches  a  length  of  two  feet  or  more.  The  head  is  provided  with  two  small 
and  two  larger  papillae.  Alimentary  canal  degenerate.  The  female  is  vivipa- 
rous, and  without  sesoial  opening.  .The  male  form  is  unknown.  The  worm 
lives  in  the  connective  tissue  between  the  muscles  and  beneath  the  skiD,  and 
after  reaching  sexual  matuiity,  occasions  the  formation  of  an  abscess,  with  the 
contents  of  which  the  embryos  escape  to  the  exterior  (Fig.  236).  It  has  lately 
been  proved  (Fedschenko)  that  the  embryos  of  Filarui  migrate  into  a  Cyclops 
and  there  undergo  an  ecdysis.  Whether  they  arc  then  (in  the  body  of  the 
Cyclops)  introduced  into  man  in  his  drinking  w^ater,  or  whether  they  first  escape 
and  copulate  in  a  free  state,  is  not  known.  F.  immitis  lives  in  the  right 
ventricle  of  the  dog,  and  is  very  abundant  in  East  Asia.  It  is  viviparous. 
The  embryos  pass  directly  into  the  blood,  where,  however,  they  do  not  undergo 
their  further  development.  Similar  immature  Fil-ariae  are  also  found  in  the 
blood  of  man  in  the  Tropics  of  the  New  and  Old  Worlds,  and  have  been 
described  as  F,  sanguinis  hominis  noctuma,  the  sexual  form  living  in  the 
lymphatic  glands  as  F,  Bancrofti  Cobb.  The  intermediate  host  is  probably  the 
mosquito,  on  the  death  of  which  the  larvae  make  their  way  into  the  water  in 
which  they,  presumably,  enter  the  alimentary  canal  of  man.  It  is  supposed 
that  they  make  their  way  from  the  alimentary  canal,  by  active  migration,  to 
the  lymphatics  where  they  mature  and  pair.f  The  larvae  enter  the  blood  and 
probably  escape  by  means  of  abscesses,  etc.,  and  by  the  kidneys,  since  they  are 
also  found  in  the  urine  ;  their  appearance  seems  to  have  an  aetiologicAl  con- 
nection with  chyluria  and  elephantiasis.  F.  sanguinis  hominis  noctuma  is 
periodic,  appearing  only  in  the  blood  at  night.  Two  other  varieties  of  Filaria 
are  also  found  in  the  human  blood,  viz.  diurna  which  appears  in  the  day,  and 
perstans.  Filaria  perstans  is  supposed  to  have  a  connection  with  the  sleeping 
sickness  of  negroes.  The  sexual  forms  of  F.  diurna  and  perstans  are  unknown. 
In  the  East  Indies,  young  Filaria  also  live  in  the  blood  of  the  street  dog,  and 
would  seem  to  be  related  to  the  brood  of  Filaria  sanguinolenta^  since,  according 
to  Lewis,  knotty  swellings  on  the  aorta  and  oesophagus  are  invariably  found 
with  these  Filaria,  F.  papillosa  Rud.  in  the  peritoneum  of  the  horse.  F.  loa 
Guyot.,  in  the  conjunctiva  of  negroes  on  the  Congo.  F.  lahialis  Pane,  only 
once  ol»served  at  Naples.  An  immature  Filaria  described  as  Filaria  lentis  {oeuli 
humani)  has  been  found  in  the  human  capsula  lentis.  IcJUhyonenia  Dies. ,  anus  and 
vulva  absent,  male  minute,  in  fishes.  Spiroptera  Rud.,  S.  obtusa  Rud.,  stomach 
of  mouse,  asexual  larva  in  meal-worm.  Spiroxys  Schn.,  Hystrichi^  Molin ;  Tetra- 
meres  Crepl.  (Tropidocera  Dies.) ;  Hedruris  Crepl. ;  Aneyracanthus  Dies. 

Fam.  5.  Mermithidae.  Aproctous  Nematodes,  with  very  long  filiform  body, 
and  six  oral  papillae.  The  male  caudal  region  is  broad,  and  is  provided  with 
two  spicula  and  three  rows  of  numerous  papillae.  They  live  in  the  body-cavity 
of  insects,  and  escape  into  the  damp  earth,  where  they  attain  sexual  maturity 
and  copulate.  Mermis  nigrescens  Diij.  was  the  occasion  of  the  fable  of  the 
rain-worm.  AI.  albicans  v.  Sieb.  v.  Siebold  established  by  experiment  the 
migration  of  the  embryos  into  the  caterpillars  of  Tinea  evonymella, 

*  0)mpare  H.  C.  Bastian,  "On  the  Structure  and  Nature  of  the  Dracunculus," 
Trans,  Linn.  Society,  vol.  xxiv.,  1863.     Fedschenko  I.e. 

+  P.  Manson,  China  Customs  Report,  No.  xiv.,  1878.  T.  Lewis,  Q.J. M.S., 
19,  1879.  See  also  Manson,  in  Davidson's  ^^ Hygiene  and  Diseases  in  Warm 
Climates,"  London,  1893. 
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Fam.  6.    Anguilliilidae.  *    Free-living  Nematodes  of  small  size,  usually  with  a 
double  swelling  on  oesophagus.     Caudal  glands  are  sometimes  present.    The 
lateral  canals  are  often  replaced  by  the  so-called  ventral  glands ;  males  with  two 
equal  spicules.    Some  species  either  live  on  or  are  parasitic  in  plants;  others 
live  in  fermenting  or  decaying  matter.    The  greater  number,  however,  live  free 
in  earth  or  water.     Tylcnchus  Bast.     Buccal  cavity  small,  and  containing  a 
small  spine.    The  female  genital  opening  lies  far  back.     T,  seandens  Schn.  = 
tritici  Needham,  in  mildewed  wheat  grains.     When  the  grains  of  wheat  fall  the 
dried  embryos  grow  in  the  damp  earth,  bore  through  the  softened  membranes, 
and  make  their  way  on  to  the  growing  wheat  plant.     Here  they  remain  some 
time,  perhaps  a  whole  winter  without  alteration,  until  the  ears  begin  to  be 
formed.     They  then  pass  into  the  latter,  grow,  and  become  sexually  mature, 
while  the  ear  is  ripening.     They  copulate  and  deposit  their  eggs,  from  which 
the  embryos  creep  out,  and  at  length  constitute  the  sole  contents  of  the  wheat 
grains  (ear-cockles).    T.  dipsaci  Kuhn,  in  heads  of  thistles  (Garduus) ;  T,  Davainii 
Bast.,  on  roots  of  moss  and  grass.     Heterodera  Schachtii  Schmidt.,  roots  of  the 
beet-root,  also  of  the  cabbage,  of  wheat,  barley,  etc. 

KhaMUis  Dig.  (divided  by  Schneider  into  Leptodera  Diy.  and  Pflodera  Schn.), 
with  two  strongly-developed  oesophageal  swellings,  of  which  the  hinder  has  a 
dental  armature.  Kh.  flexilis  Duj.,  head  very  sharply  pointed,  mouth  with  two 
lips  ;  in  the  salivary  glands  of  Limax  tinereus,     Hh,  angiosUnna  Dig. 

JVuibditis  nigrovenosfij  the  free  dioecious  generation  of  Rhabdontma  {Aaearis) 
nigrovenosunif  which  is  hermaphrodite,  and  infests  the  lungs  of  frogs. 
Khabdonema  ttrongyloides  Lkt.  {AnguilluUi  iniestinalia)  in  intestine  of  man  in 
Lombardy  and  Cochin  China,  causing  diarrhoea ;  AnguUhda  stereoralia  is  the 
free  Rhabditis  generation  of  this.t  Bhahdonema  (Leptodera)  ajypendieitUUa 
Schn.,  in  damp  earth,  3mm.  long.  The  parasitic  form,  which  is  without  a 
mouth  and  has  two  caudal  bands,  lives  in  Arum  empirvcorum^  and  does  not 
attain  sexual  maturity  until  after  its  escape  from  its  host  It  is  dioecious, 
and  gives  rise  to  free-living,  also  dioecious,  JRkabditis  forms,  many  generations 
of  which  may  succeed  one  another. 

Bradynema  Zur  Strasse,  Br.  regidum  v.  Sieb.  in  the  body-cavity  of  the  beetle 
Aphodius  fimentarius,  without  mouth,  intestine,  amis,  excretory  and  nervous 
systems.  Mainly  consisting  of  uterus  full  of  embryos  ;  viviparous  ;  larvae,  male 
and  female,  set  free  in  body-cavity,  bore  through  into  intestine,  and  pass  out  by 
anus  of  host.  According  to  Zur  Strasse  t  the  female  larvae  die  without  pro- 
ducing eggs,  while  the  male  larvae  become  protandrous  hermaphrodites,  and 
enter  in  an  unknown  way  the  body-cavity  of  their  host.  This  account  requires 
confirmation. 

AllarUanema  mirabile  Lkt.  in  the  beetle  Hyldbius  pint,  3  mm.  long,  sausage- 
shaped,  surrounded  by  a  membrane,  and  attached  to  tracheae  in  the  body-cavity ; 
\\ithout  mouth,  intestine,  anus;  are  protandrous  hermaphrodites,  with  a  free- 
living  dioecious  Rhabditis  generation. 

*  Davaine,  "Recherches  sur  rAnguillulo  du  ble  nielli,**  Paris,  1857.  Kiihn, 
"Ueber  das  Vorkommen  von  Anguillulen  in  erkrankten  Bliitheukopfen  von 
Dipsacus  fullonum,'*  Zeitschr,  fUr  wiss  Zool.,  tom  9.,  1869.  Bastian,  "Mono- 
graph of  the  Anguillulidae  or  free  Nematoids,  marine,  land,  and  fresh  water," 
London,  1864.  0.  Butschli,  "  Beitriige  zur  Kentniss  der  freilebenden  Ncma- 
toden,"  Nov.  Acta,  torn.  36,  1873.  J.  G.  de  Man,  **Diefrei  in  der  reinen  Erde 
nnd  im  siissen  Wasser  Ichciiden  Kcmatoden  der  Nied.  Fauna^**  Leiden,  1884. 

t  Leuckart,  Ber.  d.  k.  Sachs.  Gesel.  d.  Wisa,  1882. 

X  Z.f.  w,  Z.y  54,  1892,  p.  700. 
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AUnKltmeina  gibbo*um  Lkt  in  body-wvity  of  Ceeidomyia  pint,  without 
moath  aod  iDna ;  with  slimentarp  caual  reduced  to  »  c«ll-cord  ;  with  jiroIapRed 
utero*  Bud  vagins,  full  of  egg&,  projecting  from  the  bodj.  U&les  uid  females 
■re  foaud  in  the  free  state ;  they  co]mUto ;  the  female  alone  enters  the  hoet. 

Sphaeruiaria  boaiM'  Lion.  Duf.,  in  the  bodj-cavity  of  the  humble  beea  which 
have  survived  the  winter  (Fig.  281) ;  the  life-history  i«  Bimilar  to  that  of  At. 
gUbotum.  The  form  in  the  body-cavity  of  the  bee  is  the  female,  and  consists 
of  a  16  mm.  venuifanu  body  carrying  a  small  Nematode.like  worm.  The  former 
is  the  enormonsly  grown  protruded  female  generative  apparatus,  and  the  latter  is 
the  body  of  the  female  worm,  which  alone  enters  the  host.  Tlie  larvae  become 
&M  in  the  bee,  and  leave  it  by  the  anus. 
When  ttw  and  1  mm.  long  they  become  serual 
as  males  and  females,  and  copulate.  After 
oopulation  the  female  enters  the  bee. 

Anguittula  Ehrbg.  Small  buccal  caTity, 
oesophagus  with  a  posterior  bulb  and  a 
valvular  apparatiu.  Hale  with  out  butM. 
Usually  two  circular  lateral  organs.  No 
anal  gland.  A.  aeeti  =  gliUinit  0.  Fr.  M., 
the  vinegar-  and  paste-worm  1-2  mm.  long. 
Chrtmiadora  BosL ;  SpUeq^u/ra  Bast. ;  Odonlo- 
ptoriE  Bast. 

Fam.  7.  EnoplidM.f  Small,  usually  free- 
living,  marine  forms,  without  the  posterior 
phaiyugeal  bulb,  often  with  eyes  and  a  buccal 
annatnre,  often  with  line  hairs  and  bristles 
round  the  mouth.  Dorylai-mus  Duj.  {Vrolaia 
Carter);    D.   palvMrU   Cart,    supposed    by 

Carter   to   be  a  non-parasitic   stage   in   the 
development  of  Filaria  medineiait ;  D.  stag- 

■oZm  found  iu  mud  everywhere  in  Europe. 

TVtIotui  BasL ;  Monhyattm  Bast, ;  Comiioma 

Baat;   AidKlidiam  Ehrbg.,  a  large  eye  on 

the  oesophagus,  in  the  sea.     Bnopltu  Duj., 

marine;   Symploeodoma   Bast.;    Onchi^imiit 

Di^.;   OdoiUobatl  Roussel. 
The  Chaetoiomatidae  and  the  Denaoaoole- 

«Um    may   be   mentioned   here.     They  are 

minute  non -parasitic,  marine  organisms,  pre- 
senting in  the  arrangement  of  their  generative 

organs  resemblances  to  the  Nematoda.     Their 

anatomy,  however,  is  imperfectly  known. 


*  A.  Schneider,  Zool.  BeilTSge,  Breslau,  vol.  i.    R.  Leuckart,  "Zool.  Anzeiger," 
1S8G.     Jd.,  Neiie  Bcitrage  x.  Kami.  d.  l^maatodea,  Leipzig,  1887. 
t  Eberth,  Unitra.  Hb.  Ncmatoden,  Leipzig,  1863.     Afarion,  "Rech.  anat  et 

8h^ol.  sur  les  Kimatoides  uon-parssitea  marins,"  Ann.  Sc.  t>at.,  XIII. ,  1870. 
'.  Biitschli,  "Ub.  freileb.  Nematodcn,  insb.  d.  Kieler  Hafens," -4*A.  Htnk.  Nat. 
Oetel.  Frankfurt,  9, 1874.  De  Man,  "Onden.  o.  v.  in  der  Aarde  lev.  Neniatoden," 
Tyda.  d.  Nedtrlaitd.  Tierkund.  Vereenig,  1876.  Id.  ••  CmUribiUiora  d  la  eon- 
--'--■       des  Nirnaiodci  du  go(ft  de  Napla,"  Leiden,  187fl. 


bristles  (afUr  Gnet,  mm  Perrter). 
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Chaetosomatidae.*  The  anterior  end  of  the  body  is  swollen  into  a  head,  with 
a  semicircle  of  moveable  hooks.  The  body  is  covered  with  fine  hair.  There  is 
a  terminal  mouth,  an  oesophagus,  intestine  and  ventral  anus.  Two  rows  of 
knobbed  processes  on  the  ventral  surface  of  hind  end  of  body.  Dioecious. 
Testis  single,  vas  deferens  opens  with  tlie  anus,  and  is  provided  with  two 
spicules.  Two  ovaries,  single  vagina,  opening  ventrally  about  middle  of  body. 
Minute.     Marine.     Chaetosoma  C\a,p.t  HhabdogasUryietschmkoS. 

Desmoscoleoidae.t  Minute,  vermiform  marine  animals.  Body  marked  with 
transverse  ridges,  which  carry  bristles.  Mouth  anterior  and  terminal,  anus 
dorsal.  Dioecious.  Testis  and  ovary  as  uni)aired  tubes.  Male  with  two 
spicula,  vas  deferens  opens  with  the  anus;  ovary  opens  on  ventral  surface. 
They  move  by  looping.  Nervous  system  unknown.  Desmoseokx  Clap. 
(Fig.  237),   Trichoderma  Greef. 

Glass  H     NEMATOMOBPHA.  t 

Elongated,  unsegmented  round  tcorms  tcitJumt  lateral  lines,  with 
ventral  nerve-cord  and  drcumoesophageal  ring. 

The  position  of  these  worms  in  the  system  is  obscure.  The  name 
chosen  for  the  order  expresses  the  fact  that  in  general  form  of  body 
they  resemble  the  Nematoda,  Their  anatomy,  however,  is  very 
different  from  that  of  the  latter  group.  The  body  is  elongated  and 
filiform,  but  is  without  oral  papillae  and  lateral  lines.  There  is  a 
marked  cuticle,  beneath  which  is  a  cellular  epidermis.  The  body- 
muscles  are  in  one  layer  of  longitudinal  fibres.  The  nervous  systi^m 
consists  of  three  cords  closely  approximated  in  the  middle  ventral 
line,  within  the  muscular  layer.  This  ventral  cord  divides  in  front 
into  the  two  cords  which  embrace,  and  unite  with  one  another  dorsal 
to,  the  oesoi)hagus.  The  mouth  (which  is  anterior)  and  oesophagus 
are  occluded  in  the  adult  stat^,  and  the  anus  is  at  the  hind  end  of 
the  body. 

Between  the  body-wall  and  the  gut  there  lie  polygonal  cells, 
which  in  the  adult  seem  to  differentiate  into  various  organs,  e.g. 
genital  glands,  genital  ducts ;  and  a  space,  which  may  or  may  not  be 
a  coelomic  space,  appears  among  them. 

♦  E.  Metsclinikoff,  Z. /.  w.  Z.,  17,  1867.  Panceri,  AUi  Acead,  delU  Scienzc, 
Naples  7,  1878,  p.  7. 

t  Greef.  Unters.  ilb.  einige  merkwiirdige  Tliiergruppen  der  Arthropoden  u. 
Wumitypus,  Arch.  Naiurg.  35  (1)  1869.     Panceri,  Op.  cit. 

X  F.  Vejdovsky,  "Zur  Morphologic  der  Gordiiden,'*  Z.  f.  w.  Z.,  48,  1886, 
p.  369,  and  Ibid.,  46,  1888,  p.  188.  v.  Linstow,  "Ueb.  d.  Entwick.  und 
d.  Auat.  V.  Gordius,"  ^rcA. /.  Mic.  Anal.,  34,  1889,  p.  248.     Id,,  "Weitere 

Beobiichtuiigen  an  Gordius,"  Arch.  f.  Mic.  Anal.,  37,  1891,  p.  239.  Id.,  "Tiber 
d.  Entwick.  v.  Gordius,"  Centralbl.  BoH.  Parasilk.,  11,  p.  475.  O.  BUrger, 
'*Zur  Kenntniss  v.  Nectonema  agile  Verr.,"  Zool.  Jahrb.  Morph.  Ahtk.,  4.  1891, 
p.  631.  H.  B.  Ward,  "On  Nectonema  agile,"  Bull  Miis.  Harvard  Coll.,  23, 
1892,  p.  135. 
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The  sexes  are  separate,  and  the  generative  organs  are  paired ;  they 
open  to  the  exterior,  with  the  anus  near  the  hind  end  of  the  body. 
The  ovaries  are  metamerically  repeated  masses  of  cells  on  each  side. 
The  ova  are  collected  into  two  tubes — the  egg-sacs,  which  behind 
become  the  oviducts.  The  oviducts  open  into  a  median  atrium, 
which  also  receives  the  opening  of  the  single  receptaculum  seminis. 
The  male  organs  are  much  the  same, 
except  that  the  two  vasa  deferentia 
open  separately  into  the  rectum 
(cloaca).  The  male  caudal  region  is 
forked,  and  is  devoid  of  spicula. 

In  the  adult  stage  these  animals  are 
free    and    sexually    mature,    but    the 

,.  ^  ,     .  II         1  Fio.  238.— Larvae  of  G<^rditis  $uhbi- 

ahmentary   canal    is   genemUy    degen-        y,,^^  (^fier  Meissner).  a,  in  the 

erate,     being    occluded     in     front,     and  egg-membrane  with  protruded  pro- 

.  boscis;  6,  out  of  the  egg-niembr&ne; 

presumably    functionless.      They     are        c,  with  invtginatwi  proboscis, 
found     in     fresh -water     ponds     and 

streams,  and  move  in  an  undulating  manner.  The  eggs  give  rise 
in  the  water  to  an  embryo,  with  a  circle  of  boring-spines,  which 
leaves  the  egg  and  migrates  into  insect  larvae  {Epiiemerid  larvae^ 
etc.,  they  have  been  found  even  in  fishes,  molluscs,  and  oligochaetes) 
and  there  encysts.  Water  beetles  and  other  aquatic  predatory  insects 
eat  with  the  flesh  of  their  prey  the  encysted  young  forms,  which 
then  develop  in  the  body-cavity  of  their  new  and  larger  host  to 
yoimg  Gordiidae,  which  make  their  way  into  the  water.  Oorditu  L. ; 
Nectoneina  Yerr.,  a  marine  form,  life-history  unknown. 

Class  in.     ACANTHOCEPHAT,A* 

Elongated  round  worTHS,  with  protrtmhle  proboscis  furnisJied  tdth 
hooks  ;  xcithout  mouth  and  alimentary  canal ;  tcith  a  hody-cavityy  into 
which  the  ova  are  dehisced  and  the  oviducts  open  ;  parasitic. 

The  saccular,  often  transversely  wrinkled  body  begins  with  a 
proboscis,  which  is  furnished  witli  recurved  hooks,  and  can  be 
retracted  into  a  tube  projecting  into  the  body-cavity  (sheath  of  the 

*  Besides  Diijardin,  Diesing,  1.  r.,  comjwire:  R.  Lcuckart,  **Parasiten  des 
Mensclien,"  torn  2,  1876.  Greeff,  *'Untersucliiinffen  Uber  Ecliinorhynchus 
miliaris,**  Arch,  fiir  Naturgesch^  1864,  A.  Schneider,  **Ueber  den  Ban  der 
Acanthocephalen,"  Mullet's  Archiv.j  1868.  Also  the  Sitzungaberichte  der 
Oberhessischen  Gesellschaft  fiir  Natur-  und  Beilkujide,  1871.  B.  Grassi  and  S. 
Calandniecio,  **Ueb.  einen  Echinorhyuchus,  welcher  audi  in  Menscheu  parasitirt 
u.  dessen  Zwischenwirth  ein  Blaps  ist,"  Cenlralbl.  fiir  Bakt.  u.  Parasitekund* 
3,  1888.  O.  Hainanu,  Die  Ncmatkclminthen,  Heft  1,  Monographie  der  Acantho- 
cephalen,  Jena  1891 ;  Heft  2,  1895. 
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proboscia)  (Fig.  239,  R  and  Ss).  The  posteiior  end  of  this  sheath 
is  fastened  to  the  body-wall  by  a  ligament,  and  by  retractor  muscles 
(reHnaeida). 

The  nervooB  STBtem  (Fig.  239,  O)  is  placed  at  the  base  of  the 
proboscis,  and  consists  of  a  simple  ganglion  formed  of  large  cellB. 
Nerves  nre  given  oif  from  the  ganglion  anteriorly 
to  the  proboscis,  and  through  the  lateral  retrac- 
tors to  the  body-wall  (Fig.  239,  R).  The  latter 
supply  partly  the  muscular  system  of  the  body, 
and  partly  the  genital  apparatus,  in  which  there 
are,  principally  in  the  male  animal,  special 
ner\'e-ce litres,  consisting  of  ganglionic  enlarge- 
ments. Sense  orguu  are  entirely  wanting,  as 
also  arc  mouth,  alimentary  canal,  and  anus. 
The  nutritive  juices  are   taken  in  through 

the  whole  outer  surface  of 

the    body.       In    the    soft 

granular  subcuticular  layer 

of  the  interment  (epider- 


nis). 


which, 


Nematodes,  cell-limits  are 
not  discernible,  lies  a  com- 
plicated system  of  canals, 
tilled  with  a  clear  fluid 
containing  granules.  Be- 
neath the  sulicuticular  layer 
of  the  integument,  which 
layer  ia  often  very  extensive 
It  jBrt  and  of  a  yellow  colour,  is  fio.  s«.- 
'T  b'j  placed  the  [wwerful  mua- 
xwois;  cular  tunic;  it  is  composed 
■oi«.  '  of  external  transverse  and 
internal  longitudinal  fibres, 
which  latter  bound  the  body-cavity,  llie  struc- 
ture of  the  muscular  fibres  is  not  unlike  that  of 
Nematodes.  The  complicated  ramified  system  of 
the  cpideimal  canals,  of  which  two  principal  longitudinal  trunks  may 
be  recognized,  is  tilled  with  juices,  and  probably  functions  as  a  nutri- 
tive ap]>aratus.  The  epidermis  and  canal  system  of  the  proboscis  is 
entirely  cut  off  from  tlie  epidermis  and  vessels  of  the  trunk  by  a 
thin   ingrowtli  of   cuticle.      The  iemnisci  are   two  bodies   which 


iia  ^KcaUtoilu : 


ACANTBOCEPHALA.  295 

'  through  the  muscular  tunic  into  the  body-cavit;  at  the  base 
!  proboscis  (Fig.  240,  Le).  They  oonaist  of  epidermis, 
lous  with  that  of  the  proboscis,  and  a  thin  muBcular  coat, 
ley  contain  a  great  number  of  anastomosing  canals.  It  has 
suggested  that  the  epidennal  spaces  of  the  lenmisci  and 
cis  are  organs  for  the  protrusion  of  the 
cis ;  the  fluid  which  in  the  retraction  of 
roboscia  entera  the  epidermal  spaces  of 
mnisci  being  by  the  contraction  of  these 
organs  forced  back  into  the  walls  of  the 
cis,  so  bringing  about  its  protrusion. 
ling  to  Schneider,  the  vessels  of  the 
ci  open  into  a  circular  vessel  in  the 
ment,  and  only  communicate  with  the  net- 
(f  canals  in  the  proboscis,  while  the  other 
I  vessels  (nutritive  apparatus),  the  con- 
)f  which  differs  from  that  of  the  vessels 
lemnisci,  are,  as  above  stated,  completely 
>ff  from  the  latter. 

I  recently*  been  aaserted  that  there  la  in  Eckino- 
M  gig)i»  a  pair  of  uephridia.  They  condst  of  a 
of  line  tubes,  wliich  tennia»te  in  a  sieve-plate, 
■ta  of  wbich  open  into  tbe  body-cavity.  Tbe 
ate  carries  on  its  inner  side  a  bunch  of  Hagello. 
le  tubw  unite  to  form  a  duct,  which  joins  its 
'     ' !  duct   so  formed   opens   into   the 


Pia.  »!.  — a«iieratln 
dncti  or  a  fenisle 
E'^hinorhynchus  Iricho- 
erphaiia  ttom  the  ao' 


;  rorwKnl  md 
Uoutothellg.- 
'..     c   pofll«r1or 


.erative  oiganB.    The  liody-cavity  through 

fluids  circulate  encloses  the  greatly- 
ped  generative  organs,  which  are  attached 
end  of  the  sheath  of  the  prolwscis  by  the 
7i(  (Figs.  -liOLi  and  241 1).  The  sexes  are 
te.  The  male  (Fig.  240)  has  two  testes 
ind    the  same   number  of  efferent  ducts        p,,,  bKk    inio  th* 

The  latter  unite  behind  to  form  a  ductus  body-avit)';  liuiena; 
itoriua  {Oe),  which  is  often  furnished 
ix  or  eight  glandular  sacs  (Pr),  and  a  conical  penis  (P),  at  the 
1  of  a  bell-ahaped  protrusible  bursa  (fl),  situated  at  the  posterior 
f  the  body  (Fig.  240),  The  generative  organs  of  the  hirger 
!S  (Fig.  241)  consist  of  the  ovary  developed  in  the  ligament;  of 
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a  complicated  "  uterine  bell,"  which  opens  into  the  body-cavity  (6), 
and  to  the  base  of  which  the  liganient  is  attached ;  of  two  short 
oviducts  connecting  the  bell  with  the  uterus,  which  leads  into  the 
vagina ;  the  vagina  opens  at  the  hind  end.  There  is  at  the  hind 
end  of  the  bell  a.  second  o])eDing  into  the  body-cavity  on  the  so- 
called  dorsal  side  (c).  The  female  generative  ducta  consist  of  a  few 
very  large  cells,  like  the  cells  constituting  the  skin  of  the  embryo, 
and  the  muscles  of  the  ducts  are  fibrous  differentiations  of  the  outer 
parts  of  these  cells. 

It  is  only  in  the  young  stage  that  the  ovary  is  a  simple  body 
enclosed  by  the  membrane  of  the  above-mentioned  ligament  As 
the  animal  increases  in  size,  the  ovary  grows,  and  becomes  divided 
into  numerous  spherical  masses  of  eggs,  the  pressure  of  which  bursts 
the  membrane  of  the  ligament ;  the  masses  of  ova,  as  well  as  the 
ripe  elliptical  e^s,  which  gradually  become  free  from  them,  fall  into 
the  body-cavity.  The  egg  membranes  are  not 
formed  till  after  segmentation,  and  ought  perliajis 
to  be  interpreted  as  embryonic  membranes.  The 
Ij,  ,_,         eggs,  which  already  contain  embryos,  pass  out  of 

fa^ftS.jH        the    body-cavity   into   the   uterine   Iwll,   which  is 
|;v;B|^-:'iB        continually  dilating  and  contracting,   thence  into 
"  the  oviduct,  and  through  the  genital  opening  to 

the  exterior;    while  the   round   still    unripe  eggs 
IMiss   from    the    uterine    liell    through    the   dorsal 
jMsterior  opening  back  into  the  body-cavity. 
Sn  'm*'^  '"  Development.      Segmentation   is   irregular   and 

(mftcr  Leockirt).  complete,  and  results  in  the  formation  of  an  em- 
bryo, which  is  enclosed  in  three  egg-membranes. 
The  embryo  has  a  small,  somewhat  long  body,  armed  with  small 
spines  at  the  anterior  pole,  and  consists  of  a  central  mass  of  small 
cells  and  a  jieripherol  layer  containing  a  few  lai^e  nuclei  and 
witliout  cell-limits  (Fig,  242),  The  peripheral  layer  gives  rise  to 
the  ectoderm  and  the  lemuisci ;  the  central  cells  to  the  other  organs. 
The  large  nuclei  are  said  to  break  up  into  the  small  nuclei  of  the 
ectoderm  of  the  adult  except  in  Neorhynchw  and  Arhynehtu.  The 
body  cavity  arises  in  the  centml  mass,  and  the  cells  on  the  outside 
of  it  form  the  muscles  of  the  tjody-wall.  lu  this  development  there 
can  be  no  talk  of  layers  in  the  ordinary  sense.  The  embryo  passes 
into  the  intestine  of  Aniphipoils  {Ech.  proteug,  potj/morphus),  or  of 
Isopods  (Eeh.  anguttatM),  and  tliero  becomes  free,  bores  through 
the  wall  of  the  intestine,  and  after  losing  the  embryonic  spines, 
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develops  to  a  email  elongated  larva,  which,  like  a  pupa,  lies  in  the 
body-cavity  of  the  email  Crustacean,  with  ite  proboecia  retracted  and 
aurrounded  by  itfi  firm  external  ekin  aa  by  a  cyet  (Fig.  343,  b).  As 
stated  above,  the  ekin  of  the  larva  gives  rise  only  to  the  integu- 
ment, the  vesaele  and  the  lemnisci  of  the  adult;  while  all  the  other 
organs  enclosed  within  the  dermal  muscular  envelope,  viz.,  the  nervous 
By8t«m,  tlie  sheath  of  the  proboscis,  and  the  generative  organs,  are  de- 
veloped from  the  eo-called  embryonic  nucleus.  It  is  only  after  their 
iutioduction  into  the  intestine  of  fishes  (Ech.  protean)  or  of  aquatic 
birds  {Eek.  poli/morpkut),  which  feed  on  these  CrusttKea,  that  the 
larvae  attain  to  sexual  maturity,  copulate,  and  reach  their  full  size. 


Pio.  us. — Ijirvu  of  Erktivtrhifluhut  protetu  tnr 
Ik  embryoDfe  uuoleiH.  t.  older  stage,  w 
r,  yoQDi  fsmile  worm ;  Ox  oviry.    d,  ■  yonng 

The  □ameroiu  speciea  of  the  geous  Echinerkj/nehtu  0.  F.  Aluller,  live  in  the 
alimentary  canal  of  different  Vertelirat«s,  principally  fishes,  the  gut  wall  of 
which  may  be  &a  it  were  sown  with  these  B,nimaU ;  tlie  aacxual  larvae  are 
found  in  small  Crustacea  {Amphipods,  Isopoda).  Lamlil  round  a  Biiiall  sexually 
inuuature  EehitiorkymJtiia  in  the  small  intestine  of  a  cliild  wliich  died  of 
leukhaemia.  Ech.  polymoryhia  Brems,  in  the  intestine  of  the  duclc  and  other 
hirds,  Itu-VB  in  the  crayfish  ;  E,  proUia  Weatrunib.,  larval  farm  in  Gammarus 
and  in  the  body-cavity  and  liver  of  Phoiinus,  seiual  form  in  the  trout. 
Qiganlorhyachui  Hamann,  with  ringed  and  flattened  body,  iiiteatine  of  ant- 
eaters,  birdu,  swine ;  larval  form  in  grubs  of  insects  ;  O.  gigaa  Goeze,  as  Ia[;ge 
as  an  Axarit  laiabricoides,  in  the  small  intestine  of  the  pig,  larval  form  in 
grabs  of  beetles.  Ntorhynthtis  Hamanu,  the  nuclei  of  the  epidermis  and 
letnnisci  are  large  and  few  in  nundicr,  as  in  the  larvae  of  other  forms ;  in  the 
carp,  larval  form  in  larvae  of  Neuroptera,  etc.  Arkyruhus  Shipley,  without 
eversihle  proboscis  and  hooks ;  epidermis  and  lemnisci  with  giant  nuclei ;  in- 
side the  skin  of  a  bird  HeinigjuUhu$  proccna. 
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Following  the  usual  custom,  the  AcanthocepkcUa  are  placed  in 
the  phylum  Nemathelminthes ;  but  it  must  be  borne  in  mind  that 
the  relationship  to  the  Nematoda  thus  expressed  is  more  than 
doubtful.  Indeed,  there  is  nothing  in  common  between  the  two 
groups,  and  there  are  many  remarkable  differences.  The  absence 
of  an  alimentary  canal,  the  presence  of  a  coelom  with  relations  to 
the  generative  organs  and  ducts,  the  form  of  the  nervous  system, 
the  presence  of  cilia  in  the  so-called  nephridia,  are  all  characters 
of  great  importance  and  quite  different  from  anything  in  the 
Neiiiatoda,  Further,  the  canals  in  the  skin,  though  they  may 
be  compared  to  the  lateral  excretory  organs  of  Nematodes,  are,  in 
reality,  totally  different,  inasmuch  as  they  form  anastomosing  net- 
works, and  are  found  throughout  the  whole  of  the  epidermis. 
Finally,  the  development  cannot  be  brought  into  relation  with 
anything  else  in  the  animal  kingdom.  It  is  peculiar  in  the  fact 
of  the  giant  nuclei  of  the  outer  layer  and  in  their  behaviour,  and 
in  the  absence  of  a  third  layer  or  group  of  cells  in  the  early  stages. 

Our   inclination   is   to   create  a  separate   phylum — the  AcatUho- 
cephala — for  this  strange  group  of  parasites. 


CHAPTER  VIII. 

Phylum  ROTIFERA.* 

Minute  animals  toith  a  ciliated  trochal  disc,  an  anterior  moiUh, 
and  a  dorsal  posterior  anus.  Perivisceral  cavity  well  developed; 
excretory  system  with  flame-cells ;  vascvlar  system  absent 

The  Rotifera  are  small  aquatic  organisms  which  swim  in  the 
water  by  means  of  a  ciliary  apparatus  at  the  front  end  of  the 
body,  called  the  trochal  disc.  This  consists  of  the  anterior  end 
which  generally  has  a  somewhat  discoidal  form,  and  of  the  cilia 
which  are  disposed  in  one  or  two  rows  round  its  margin.  The 
name  "  Wheel-animalcules,"  sometimes  applied  to  this  group,  is  due 
to  the  co-ordinated  movement  of  these  cilia,  which  produces  the 
appearance  of  a  rotating  wheel,  or  in  some  cases,  when  the  ciliary 
band  is  indented  or  interrupted  at  its  median  dorsal  point  and 
its  median  ventral,  of  two  wheels  {Philodinay  Limnias),  It  will 
be  useful  to  use  the  word  corona  for  the  discoidal  anterior  end 
of  the  body,  and  velum  for  the  ciliary  apparatus  of  its  margin — 
the  whole  being  the  trochal  disc.  The  posterior  end  of  the  body 
tapers,  and  is  called  the  foot  or  pseudopodium ;  it  may  be  jointed, 
and  the  joints  are  often  telescopically  retractile.  It  terminates 
either  in  a  sucker-like  surface  for  adhesion,  on  which  the  secretion 
of  a  cement-gland  may  be  poured,  or  in  two  (or  more)  styles,  which 
can  be  used  as  pincers  for  anchoring  the  animal  (Fig.  244).  It 
is  used  both  for  locomotion  and  attachment. 

The  trochal  disc  is  generally  retractile,  and  the  foot  is,  in  mre 
cases,  absent. 

The  mouth  is  on  the  ventral  side  of  the  trochal  disc,  and  the 
anus  is  on  the  dorsal  surface,  usually  near  the  foot. 

*  Ehrenberg,  *'2>i«  Irifusioiuthierclien  als  voUkanwiene  Organismen"  Leipzig, 
1838.  C.  T.  Hudson  and  P.  H.  Gosse,  *\The  Boiifera  or  tFTieelaniinal^iles," 
2  vols.,  London,  1886.  L.  H.  Plate,  "Ub.  d.  Rotatorien fauna  d.  bottnisclien 
Meerbusens,"  etc.,  Z.f.  w.  Z.,  49,  1890.  C.  Zelinka,  "Studien  Ub.  Rotatorien,** 
Z.f.  w.  Z„  44,  1886 ;  47,  1888  ;  63,  1892. 
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There  is  often  a  spur-like  process,  carrying  a  tuft  of  eebte  and 
projecting  from  the  dorsal  middle  line  close  to  the  trochal  disc : 
this  ia  the  calcsr  or  antcama.  There  may  be,  in  addition,  a  pair 
of  ventral  setigerous  processes  or  antennae  of  a  similar  chsracter. 
The  single  uerve-ganglion  is  placed  on  the  dorsal  side  of  the  body, 
close  to  the  trochal  disc. 

The  velum  variee  in  its  arrangement.     It  may  consist  of  a  simple 
circle  of  cilia  at  the  margin  of  the  trochal  disc  (Microcodon) :  in 
this  case  it  surrounds  the  mouth,  and  is  a  circum-oral  ring.     In  the 
Flotcularidae    (Fig. 
a  245,   S),    this  ring  is 

reduced  to  a  half-ring 
on  the  ventral  side  of 
the  mouth,  and  the 
edges  of  the  disc  may 
be  produced  into  long 
processes  {Slephano- 
ceroa).  In  other  forms 
the  ring  encircles  the 
disc  twice  by  beading 
on  itself  (Fig.  245,  1, 
2) ;  thus  enclosing  the 
mouth,  and  having  a 
dorsal  gap  between  the 
points  of  flexure  (Bhi- 
zota).  In  this  form  of 
velum  a  fusion  of  the 
two  points  of  flexure 
would  result  in  the 
formation  of  two  rings, 
one  pre^tral  (above  the 
mouth),  and  one  post- 
oral  (circum-oral) 
below  the  mouth.  In  the  BdeUoidea  the  ring  is  doubled  on  itself, 
but  there  are  two  gaps,  one  dorsal,  at  the  point  of  flexure,  and  the 
other  ventral  in  the  upper  ring  just  above  tlie  mouth  (Fig.  245,  4)- 
Very  frequently,  especially  in  the  parasitic  forms,  the  trochal  disc  is 
reduced,  and  in  certain  cases  entirely  aborted  {Apstlug).  In  Naloni- 
maia  tardiffrada  the  trochal  disc  is  reduced  to  a  ciliated  disc  round 
the  mouth.  In  some  cases  the  ciliated  edge  of  the  disc  projects  over 
the  head  and  forms  the  double  wheel  above  referred  to  (Philodina, 
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Braehionm),  or  becomes  a  ciliated  cephalic  Bhteld  {Megalotrocha, 
Tubieolaria).  Finallj  it  may  be  produced  into  ciliated  processes 
of  various  form  (FloaaUaria,  Stephanoeeroa).    The  cilia  are  cou- 


Fio.  I4S.— Vels  Qt  virloun  Rotifer*  («n*r  Hniiion  inil  Oosm 
{Vrlicrria  rln^nu],  f,  RtilioCic  nlum,  alile  Tiew  (.V.  rU^n.).  S.  Velum  of  FloKiilarla 
nispuula'a.  1.  Bdelloidlc  TFlum  IR'Alfir  dlHnviX  S.  The  ume.  ildn  i-lsw.  «,  DUelloiaic 
Telnm  or  Ad*nila  vaga.    hj  the  baccul  tuiiuel;  pu?  tbe  pr1ncl|al  rjiig  ot  cilia;  iv  the 

cemed   with  locomotion,  but  in   addition  they  jilny  aii  imjwrtant 
part  in  ]iTOCiiring  food. 

Locomotive   orgatu.     In  addition  to  the  foot  and  trochal  disc, 
there  are  often  styliform  proceeses  of  the  body,  into  the  liaees  o£ 
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which  special  muscles  are  inserted.  Such  are  found  in  T'riarihTa, 
Polyarthra,  etc.  In  one  family — the  Pedalionidae — the  hody  pos- 
sesses hollow  appendages  containing  muscles,  and  recalling  very 
closely  the  limbs  of  Arthropoda  (Fig.  246). 

The  body-wall  consists  of  a  cuticle  with  a  subjacent  protoplasmic 
layer  with  scattered  nuclei,  but  without  cell-limits.  This  doubtless 
represents  the  ectoderm.     There  does  not  appear  to  be  any  cdd- 
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tinuous  muscular  layer  in  the  body-wall,  but  there  may  be  a  small 
amount  of  connective  tissiie,  inasmuch  as  connective  tissue  fibres 
can  be  seen  passing  between  the  various  organs  across  the  body- 
cavity. 

The  cuticle  is  sometimes  soft  and  thin,  sometimes  hardened  intfl 
n  kind  of  shell,  called  the  lorica  (the  Ploima) ;  there  are  sometimes 
joints  in  it,  which  give  the  body  a  segmented  appearance.     The 
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skin  is  not  ciliated  except  in  certain  spots,  of  which  the  trochal 
disc  is  the  chief.  The  principal  integumentary  glands  are  the 
cement  glands  of  the  foot,  which  open  at  the  extremity  of  the 
pincers  and  secrete  the  suhstance  by  which  the  animal  is  fixed. 
The  tube  or  urceolus,  in  which  some  Rotifera  live,  is  probably  a 
secretion  of  the  skin;  it  is  often  gelatinous,  but  in  Mdicerta  it 
consists  of  pellets.  These  pellets  are  formed  of  foreign  or  faecal 
particles  which  are  worked  up  and  cemented  together  by  a  ciliated 
cup  on  the  ventral  side  close  to  the  trochal  disc,  the  cementing 
substance  being  a  secretion  of  a  gland  (Dr)  near  the  ciliated  cup 
(Fig.  247). 

The  body-cavity  is  a  well-marked  space,  traversed  as  stated  above 
by  a  few  fine  connective  tissue  strands  and  filled  with  a  clear 
vascular  fluid.  As  to  its  nature  we  know  nothing.  The  generative 
and,  apparently,  the  renal  organs  are  in  no  way  connected  with 
it,  so  that  presumably  it  is  not  coelomic.  It  may  be  a  haemocoele ; 
if  it  is,  it  is  the  only  representative  of  the  vascular  system,  for 
nothing  in  the  shape  of  heart  or  blood-vessels  are  known. 

The  alimentary  canal  (Fig.  244)  is  ciliated  throughout.  It  consists 
of  a  mouth  leading  into  a  muscular  pharynx  called  the  mastcLc,  and 
provided  with  a  special  armature — the  trophi.  The  parts  of  tlie 
armature  (see  below)  are  in  continual  movement,  and  serve  for 
mastication.  In  the  more  predaceous  forms  they  can  be  protruded 
so  as  to  act  as  jaws.  Following  the  pharynx  is  a  short  oesophageal 
tube ;  this  leads  into  the  digestive  sac  or  stomach.  The  stomach  is 
lined  with  large  ciliated  cells,  which  often  contain  green  or  yellow 
pigment  grains.  The  anterior  or  gastric  part  of  this  cavity  is  wide 
and  receives  two  large  glandular  tubes,  which  may  be  explained  as 
salivary  or  pancreatic  glands.  The  posterior  narrow  intestinal  part 
leads  into  a  cloacal  chamber,  which  opens  on  the  dorsal  surface  at 
the  point  where  the  foot-like  posterior  region  joins  the  anterior  part 
of  the  body.  In  some  cases,  e.g.  Asplanchna,  the  intestine  ends 
blindly,  and  the  faeces  are  rejected  through  the  mouth. 

Bespiration  is  carried  on  by  the  general  surface  of  the  body; 
special  organs  are  wanting. 

The  muscular  system  is  complex,  being  composed  mainly  of 
muscular  bands  passing  between  definite  points.  The  muscular 
tissue  is  in  part,  at  any  rate,  cross-striped. 

Excretory  organs.  The  so-called  respiratory  canals  are  excretory. 
They  consist  of  two  sinuous  longitudinal  canals,  with  fluid  contents ; 
they  open  into  tlie  cloaca  either  directly  or  by  means  of  a  contractile 
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vesicle,  and  are  beset  by  short  appendages  called  the  vibratile  tags 
(Fig.  244).  The  latter  appear  to  be  simply  flame-cells,  which  open 
into  the  main  trunks :  whether  they  open  into  the  perivisceral  cavity 
or  not  is  disputed. 

The  nervous  system  consists  of  a  simple  or  bilobed  cerebral 
ganglion  placed  dorsal  to  the  oesophagus,  and  giving  off  nen'e8 
to  peculiar  cutaneous  sense  organs  and  to  the  muscles.  In  Calli- 
dina  and  Discopua  there  is  in  addition  a  small  ventral  ganglion 
connected  with  the  dorsal  ganglion  round  the  oesophagus.  Eyes  are 
often  present,  and  lie  upon  the  brain  either  as  an  x-shaped,  unpairwl 
pigment  body,  or  as  paired  pigment  spots  provided  with  refractile 
spheres.  There  is  often  a  small  mass  of  calcareous  granules  in 
connection  with  the  ganglion :  its  function  is  unknown.  The 
above-mentioned  cutaneous  sense-organs,  which  have  the  form  of 
prominences  beset  with  hairs  and  setae,  e.g.  calcar,  so-called 
antennae,  etc.,  are  probably  tactile. 

Generative  organs.  Tlie  sexe^  are  separate,  and  are  distinguished, 
except  in  Seisojij  by  a  strongly  marked  dimorphism.  The  males 
(Fig.  244,  h)  are  much  smaller  than  the  females,  and  often  have  a 
very  different  form ;  they  possess  excretory  tubes  and  ganglion,  etc, 
but  are  without  either  oesophagus  or  intestinal  canal — these  organs 
being  reduced  to  a  cord  of  cells :  they  leave  the  egg  completely 
developed.  Tlieir  generative  organs  are  reduced  to  a  testicular  sac, 
the  muscular  duct  of  which  0|>ens  at  the  hind  end  of  the  body, 
sometimes  on  a  papillifomi  protuberance.  This  is  the  penis,  which 
either  intrixluces  8j>erm  into  the  female's  cloaca  in  true  coimlation, 
or  perforates  her  body- wall  and  de|X)sits  the  spermatozoa  in  the 
body-cavity. 

The  males  of  many  species  are  unknown,  and  when  they  are 
knoAvn  they  often  appear  only  in  the  autumn,  when  the  winter- 
eggs  are  formed;  but  they  are  also  found  in  summer.  The  generative 
organs  of  the  female  consist  of  a  roundish  ovary,  with  which  a 
yolk-gland  is  associated,  and  of  a  short  oviduct  which  usually  opens 
into  the  cloaca.  The  oviduct  is  sometimes  absent  {Rotifer),  and 
in  the  Philodinldae  and  Seisonidae  the  ovaries  are  double.  Almost 
all  Rotifera  are  oviparous,  and  their  eggs  are  distinguishable  into 
thin-shelled  summer  eggs^  which  develop  immediately  without  Ijeing 
fertilized,  and  thick-shelled  mnfer  eggs,  which  last  through  the 
winter  and  are  probably  fertilized.  They  carry  both  kinds  of  eggs 
about  on  tlieir  body  in  their  tul)e,  but  the  summer  eggs  not  un- 
frequently  develop  in  the  oviduct.     The  summer  eggs  are  of  two 
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kinds,  large  and  smalL  The  large  develop  into  females,  and  the 
small  into  males;  they  are  produced  by  different  individuals.  Asexual 
reproduction  is  unknown. 

It  has  been  established  by  Maupas**^  that  in  certain  Rotifera 
{Hydatina  senia)  the  same  animal  produces  only  eggs  of  one  sex; 
thus,  a  female  which  has  once  laid  the  small  male  egg  never  produces 
a  female  egg,  and  vice  versa.  He  has  further  shown  that  while 
the  general  rule  is  that  female  eggs  should  be  produced — a  rise 
in  temperature,  if  applied  at  the  earliest  stages  of  their  short  life, 
will  ensure  the  production  of  the  small  male  eggs.  Further,  he  has 
shown  that  the  layers  of  female  eggs  are  devoted  to  parthenogenesis, 
and  only  produce  the  thin-shelled  immediate  eggs.  Copulation  of 
such  with  a  male  has  no  effect.  On  the  other  hand  copulation 
between  a  young  female,  which  would,  if  left  alone,  lay  only  male 
eggs,  and  a  male  brings  about  a  complete  change  in  the  character 
of  the  eggs ;  in  this  case  the  egg  acquires  a  thick,  hard,  often  orna- 
mented shell,  and  develops  immediately  to  a  certain  stage ;  but  the 
development  soon  ceases  and  the  egg  becomes  a  resting — so-called 
winter — egg.  Such  eggs  may  be  produced  at  any  season  of  the 
year,  and  their  peculiar  property  is  to  be  able  to  resist  drought 
and  other  adverse  influences ;  they  give  rise  only  to  parthenogenetic 
females,  which  lay  thin-shelled  immediate  eggs.  Finally,  copulation 
between  a  male-producing  female,  in  which  the  eggs  have  been 
formed,  and  a  male  has  no  effect;  in  such  a  case  the  female  lays 
small  immediate  eggs,  which  develop  at  once  into  males. 

It  thus  appears  that,  as  in  the  bees,  an  egg  which  would,  if 
fertilized,  produce  a  female,  will,  if  not  fertilized,  produce  a  male. 
Should  these  most  important  and  interesting  observations  be  con- 
firmed— and  here  it  may  be  observed  is  a  subject  of  the  most 
fascinating  and  far-reaching  character  for  research — it  would  appear 
that  in  the  Rotifera  the  problem  of  how  to  control  the  production 
of  the  sexes  has  been  solved. 

The  development  has  been  studied  in  the  parthenogenetic  imme- 
diate eggs.  It  throws  no  light  upon  the  affinities  of  the  group. 
The  young  are  hatched  with  practically  the  form  of  the  adult 
There  is  said  to  be  no  mesoderm  in  the  ordinary  sense  of  the 
word,  but  the  rudiments  of  the  organs  are  laid  down  independently. 

The  Rotifera  principally  inhabit  fresh  water,  but  marine  forms 
are  known.  Some  species  live  in  gelatinous  tubes  which  they 
secrete,  or  in  a  case  consisting  of  pellets  manufactured  by  the  animal 

*  Cmnptes  rendits  Acad.  Sei.,  109,  1889,  90,  91. 
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{Mdieertu,  Fig.  247).  A  small  number  are  parusitic  Many  of 
tliem  poBsesB  to  a  remarkable  degree  the  property  of  resisting  the 
effects  of  tlronght  and  a  high  temperature  (200"  F.).  This  power 
is  particularly  developed  in  the  Bdetloidea.  On  tlie  approach  of  thi? 
adverse  influence  they  pi'otect  themselves  by  a  gelatin' 
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which  protects  them  against  evaporation.     Tlie  duration  of  life  is 
often  very  ahoit.     Tlie  female  of  Hydalitia  senta  attains  maturity 
in  three  days  and  lives  only  fourteen  days;    and   the  males  live 
only  three  days. 
The  position  of  the  Rotifera  in  tlie  system  is  obscure.    Apparently 
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they  form  an  isolated  phylum  with  aflfinities  through  Pedcdion  (Fig. 
246)  to  the  Arthropoda;  and  through  the  Trochosphere  larva  to 
Annelids  and  Molluscs.  As  in  the  Trochosphere,  it  is  impossible 
to  say  whether  the  perivisceral  space  is  a  coelom  or  a  haemocoele; 
probably  it  is  a  haemocoele.  There  is  a  further  important  feature 
of  resemblance  to  the  Trochosphere  in  the  fonn  of  the  excretory 
organs,  which  also  recall  those  of  Platyhelminthes  and  Nemertines. 
The  Rotifera  are  highly  specialized  animals,  and  perhaps  the  most 
remarkable  general  fact  to  note  about  them  is  the  rarity  of  marine 
forms.  World-wide  in  distribution,  and  extremely  rich  in  species, 
still  they  are  mainly  confined  to  fresh  waters.  One  cannot  help 
feeling  that  there  must  be  an  equally  important  marine  branch  of 
the  phylum  which  has  so  far  been  overlooked,  and  which  when 
discovered  will  throw  light  upon  the  affinities  of  the  group. 

The  jaws  or  trophi  are  three  in  number ;  two  mallei  and  one  incus  (Fig. 
248,  i).  The  malleus  ms  consists  of  a  head  or  uncus  {us),  and  of  a  handle  or 
manubrium  {mm).  The  incus  {is)  consists  of  two  rami  (r»),  against  which  the 
mallei  work,  and  of  a  basal  piece— the  fulcrum  {/m).  The  modifications  (Fig. 
248,  1-7)  of  their  jaws  are  as  follows : — 1.  Malleale.  Mallei  stout,  manubria 
and  unci  of  equal  length.  2.  Suh-malleaie.  Mallei  slender  ;  manubria  about 
twice  as  long  as  unci.  3.  ForcipaU.  Mallei  rod-like ;  manubria  and  fulcrum 
long ;  unci  pointed  or  absent ;  rami  used  as  forceps.  4.  Incudaie.  Mallei 
absent ;  rami  as  curved  forceps.  5.  Malleo-ramate,  Mallei  fastened  by  unci 
to  rami  Unci  3-toothed ;  rami  large,  fulcrum  slender.  6.  Uncinate,  Unci 
2-toothed ;  incus  slender.  7.  BamcUe.  Rami,  crossed  by  two  or  three  teeth, 
fulcrum  rudimentary;  manubria  absent. 

Order  1.     Rhizota. 

Fixed  when  adult,  usually  inhabiting  a  gelatinous  tube  excreted  from  the  skin; 
foot  transversely  wrinkled,  not  retractile  loithin  the  body,  ending  in  an  adhesive 
disc  or  eup. 

The  foot  of  the  Bhizota  is  unlike  the  foot  of  all  other  Rotifera,  in  that  it 
is  a  prolongation  of  the  dorsal,  and  not  of  the  ventral,  region  of  the  l)ody. 

Fam.  1.  Floieularidae.  Corona*  produced  into  setigerous  lobes ;  mouth 
central ;  velum*  a  single  half  circle  ventral  to  the  buccal  orifice  {i.e.,  the 
gap  in  velum  is  dorsal,  Fig.  245,  3) ;  trophi  uncinate.  Floscularia  Oken  ; 
Aeyclus  Leidy,  without  setae  ;  Apsilus  Metschnikoff,  without  setae,  velum,  and 
foot ;  Stephanoceros  Ehrbg.,  lobes  long,  convergent ;  St,  eichhomii  Ehbg. 

Fam.  2.  Xelioertidae.t  Corona  without  setigerous  lobes  ;  mouth  lateral ; 
velum  a  marginal  continuous  band,  bent  on  itself  at  the  dorsal  surface,  so  as  to 
encircle  the  corona  twice  ;  with  the  mouth  between  its  upper  and  lower  curves, 
and  having  also  a  dorsal  gap  between  its  points  of  flexure  (Fig.  245,  1) ;  trophi 
malleo-ramate.  Social,  the  tubes  are  often  adherent  to  each  other.  Melieeria 
Schrank,    corona   of   four    lobes,    dorsal   antenna    minute,   ventral    antennae 

*  Corona  is  used  for  trochal  disc,  and  yelum  for  ciliary  ring  or  rings, 
t  This  family  nmst  not  be  confused  with  the  Leptomedusan  sub-family  of  the 
same  name  (p.  134). 
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Fio.  2i9.—Trocho8phaera  ae(matorialU  (after  Semper,  fh)m 
Korscholt  and  Ileider).  Ce  cloaca;  Dr  glands  of  the 
foregut ;  Ex  duct  of  the  excretory  organs ;  G  brain  ;  Gt 
ovary  and  ovidact ;  3f  mouth ;  Mu  muscles ;  N  nerve ; 
S  mastax;  Si  sense-organ;  W,  prcoral,  W,,  postoral 
ciliated  band;  A  cloacal  orifice. 


obyious,  Meliceria  ringens  L.    (Fig.   247) ;    Limnias  Schrank,   tube  without 
pellets;    Cepfialosiphon  Ehrb.,  vent,   antennae   absent;    OeciaUs  Ehrb.,  dots. 

ant  absent ;  Ladntdaria 
Schweigger,  adherent  gela- 
tinous tubes  in  clusten, 
antennae  absent ;  Megalo- 
trocha  Ehrb.,  clustered, 
without  tu1>es,  ant.  ab- 
sent ;  Trocho^phaera  Sem- 
per (Fig.  249),  solitary, 
free-swimming,  spherical, 
velum  as  preoral  ring 
broken  dorsally,  ventral 
antennae  minute,  trophi 
malleo-ramate,  lateral 
canals  end  in  cloaca,  nerve 
ganglion  close  to  mastax, 
male  unknown,  ovary 
opens  into  cloaca.  Fresh 
water  of  Philippine 
Islands.  Interesting  from 
its  resemblance  in  form, 
gut,  velum,  and  appear- 
ance to  a  trochosphere 
larva;  Conochilus  Ehrb., 
gap  in  velum  ventral. 

Order  2.     Bdklloida. 

Swimming  with  their  velum,  and  creeping  like  a  leech.  Foot  telescopic,  wholly 
retractile  within  the  body,  usiMlly  ending  in  three  toes, 

Fam.  3.  Philodinidae.  Corona  a  pair  of  circular  lobes,  transversely  placed. 
Velum  a  continuous  marginal  curve,  bent  on  itself  at  the  dorsal  surface  so 
as  to  encircle  the  corona  twice,  with  the  mouth  between  its  upper  and  lower 
curves,  and  having  also  two  gaps,  the  one  dorsal  between  its  points  of  flexure, 
and  the  other  ventral  in  the  upper  curve  op])08ite  to  the  mouth  (Fig.  245,  4) ; 
trophi  ramate.  Philodina  Ehrb.,  eyes  two,  cervical ;  Rotifer  Schrank,  eyes  two, 
within  the  frontal  column  ;  in  both  these  genera  no  oviduct  has  been  seen,  but 
the  eggs  develop  in  the  body-cavity,  and  both  eggs  and  young  have  been  seen 
to  leave  the  cloaca  ;  males  not  known.     Actinurus  Ehrb. ;  Callidina  Ehrb. 

Fam.  4.  Adinetidae.  Ck)rona  a  flat  prone  surface ;  velum  as  the  furred 
(with  cilia)  ventral  surface  of  the  corona ;  trophi  ramate ;  frontal  column 
soldered  to  dorsal  surface,  and  ending  in  two  hooks.     Adineta  Hudson. 

Order  3.     Ploima. 

Svnmming  with  their  velum,  and  {in  some  cases)  creeping  with  their  toes. 
The  mastax  can  be  protruded  so  as  to  seize  the  prey ;  the  ganglion  is  well 
developed  and  the  eyes  often  liave  leuses. 

Sub-order  1.     ILLOBICATA. 

Integimient  flexible,  not  stifl'ened  to  an  enclosing  shell ;  foot  when  present 
almost  always  furcate,  but  not  transversely  wiinklcd,  rarely  more  than  feebly 
telescopic,  and  partially  retractile. 
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Faxn.  5.  Xioroeodidae.  Corona  obliquely  transverse,  flat,  circular ;  buccal 
orifice  central ;  velum  a  marginal  continuous  band  encircling  the  corona  and 
two  curves  of  larger  cilia,  one  on  each  side  of  the  mouth  ;  trophi  forcipate  ;  foot 
stylate.     Microcodon  Ehrb. 

Fam.  6.  AipUnohnidae.  Corona  sub-conical  with  one  or  two  apices  ;  velum 
single,  edging  the  corona ;  with  large  stomach  which  ends  blindly,  intestine 
and  cloaca  being  absent.     Asplanchna  Oosse  ;  Scucidus  Gosse. 

Fam.  7.  Synohaetidae.  Corona  a  transverse  spheroidal  segment,  sometimes 
much  flattened,  with  styligerous  prominences  ;  velum  a  single  interrupted  or 
continuous  marginal  band ;  mastax  large,  piriform ;  trophi  forcipate ;  foot 
minute,  furcate.     Synchaeta, 

Fam.  8.  Triarthridae.  Body  furnished  with  skipping  appendages ;  corona 
transverse  ;  velum  single,  marginal ;  foot  absent.  Polyarthra  Ehrb. ;  Pteroesaa 
Gosse  ;    Triarthra  Ehrb. ;  Fedetes  Gosse. 

Fam.  9.  Hydatinidae.  Corona  truncate  with  styligerous  prominences ; 
velum  two  parallel  bands,  the  one  marginal  fringing  the  corona  and  mouth, 
the  other  lying  within  the  first,  the  styligerous  prominences  being  between  the 
two  ;  trophi  malleate  ;  foot  furcate.  Both  rings  are  continued  into  the  mouth. 
Hydatina  Ehrb.,  eye  absent,  H,  setUa  0.  F.  M.  (Fig.  244) ;  Jihinops  Hudson, 
eyes  two ;  Notop8  Hudson,  eye  single.  In  Hydatina  senta  there  is  a  small 
styliferouB  pit  on  the  dorsal  surface  with  a  strong  nerve  from  the  ganglion. 

Fam.  10.  Hotommatidae.  Corona  obliquely  transverse ;  velum  of  interrupted 
curves  and  clusters,  usually  with  a  marginal  band  surrounding  the  mouth ; 
trophi  forcipate  ;  foot  furcate.  Alhertia  Duj.,  vermiform,  eiitozoieally  parasitic 
in  Annelida;  Taphrocampa  Gosse,  Pleurotrocha  Ehrb.,  i^ithout  eyes;  Notom- 
mata  Gosse,  not  annulose,  cylindrical,  with  projecting  tail ;  auricles  on  head  ; 
brain  contains  opaque  chalk  masses,  trophi  virgate ;  Copeus  Gosse  ;  Proalea 
Gosse  ;  Furcularia  Ehi'b. ;  Eosphora  Ehrb. ;  Diglena  Ehrb. ;  Di^enima  Ehrb. 

Sub-order  2.     LOSICATA. 
With  a  stifi'ened,  wholly  or  partially  enclosing  shell ;  foot  various. 

Fan).  11.  Battulidae.  Body  cylindric  or  fusiform,  smooth  without  plicae  or 
angles ;  contained  in  a  lorica  closed  all  round,  but  open  at  each  end,  often 
ridged ;  trophi  long  asymmetric ;  eye  single,  cervicaL  Generally  subject  to 
abnormal  conditions.  With  tendency  to  asymmetry,  in  mastax,  antennae,  toes. 
Mastigoctrca  Ehrb.,  toe  as  single  style  with  accessory  stylets ;  RitUulxLS  Ehrb., 
toes  two  ;  Coelopu^  Gosse,  body  curved,  toes  one  broad  plate  with  another  laid 
upon  it  in  a  different  plane. 

Fam.  12.  Dinooharidae.  Lorica  entire,  vase-shaped  or  depressed  ;  sometimes 
facetted,  often  spinous ;  foot  and  toes  often  greatly  developed  ;  trophi  sym- 
metrical. Dinocharis  Ehrb.,  foot  and  toes  long,  foot  with  spurs;  Scaridium 
Ehrb.,  foot  without  spurs,  toes  long;  Stephanops  Ehrb.,  head  with  a  wide 
circular  shield. 

Fam.  13.  Salpinidae.  Body  more  or  less  completely  enclosed  in  a  firm 
lorica  which  is  open  at  each  end  and  divided  down  the  back  by  a  fissure  whose 
sides  are  united  by  membrane  ;  two  furcate  toes  always  ex{)08ed.  IHaschiza 
Gosse,  Diplax  Gosse,  Salpina  Ehrb.,  lorica  with  spines,  trophi  sub-malleate, 
eye  single,  cervical  ;  DipUna  Gosse. 

Fam.  14.  Euohlaxiidae.  Lorica  of  two  dissimilar  plates,  one  dorsal  and 
one  ventral,  united  so  as  to  form  two  confluent  cavities  of  which  the  upper 


t  Etiib.;  Cathypria  0mm; 
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U  much  the  larger  ;  fiHit  jointed,  farcatc.     EuiMani 
Dittyla  Eckatein  ;  Moaoatyla  Ehbg. 

Fom.  IS.  GoInrldM.  Body  CDclosed  in  h  lories,  open  at  both  end&,  cliwed 
doisallj,  usuallj  open  or  wanting  ventrally ;  head  enrmounted  by  s  chitinoni 
hood  ;  toes  two,  rarely  one,  always  exposed.  Coluna  Ehbg.;  Mdopidia  Ehbg.; 
Mpnara  Ehbg.;  Mytilia  Gosse ;  Cochleare  Gosie. 

Fam.  17.  fteroduiidaa.  Lortca  entire,  various ;  corona  and  velnm  those 
of  the  Fhitodinidae ;  trophi  malleo^raniate  ;  foot  wholly  retractile,  transrencly 
wrinkled,  jointless,  toeless,  ending  in  a  ciliated  cup  ;  or  foot  ab«ent ;  (Foot  Mid 
trophi  Rhixotic,  corona  Bdellotdic).     PlerodiJia  Ehbg. ;  Foinj^tolyx  Goase. 

Lortca  box-like,  open  at  each  end,  nad  generally 


Fam.  18. 


armed  with  anterior  and  posterior 
apines ;  foot  long,  very  flexible,  vholl; 
retractile,  wrinkled,  ending  in  two 
toes.  SratXioniu  Ehrb.,  lacustrine 
and  marine  ;  A'eletui,  Jfolkelea  Goese  : 
Brelmia  Gosse. 

Order  4.     Scibtopoda. 

Hinimilujig  wUh  tehim,  and  tkippivg 
aUh  arthrppodoui  limbi ;  foot  abienl. 

Fam.  SO.  PedalionidM.  Six  hollow 
limbs ;  head  truncate,  corona  of  two 
concave  tobes,  and  velum  as  in  Fkilo- 
dinidae;  trophi  malleo-ramate.  Pfda- 
lion  Hudson  (Fig.  ii6),  one  limb  (the 
longest)  ventre -median,  another  dorso- 
median,  and  two  )iaira  of  lateral  limbs ; 
and  two  sty  late  ciliated  appendages  on 
its  posterior  doraal  surface ;  Bexaiilira 
Schmarda,  with  three  pairs  of  limbs 
attached  to  the  ventral  surbce. 


Seisonacea.* 

a  Xcbatia. 
The  cloaca  opeiia  at  base  of  neck  in 


Order  5. 

MartTU  /on 


male,  at  hind  end  of  body  in  female: 
inali^  otherwise  like  female.  luteetin<^ 
complete  or  blind. 

Fam.  21.  SaiiDnidM.  AVura GrUhe ; 
I'liraseUon  Plate  :  SiioxibdeUa  v.  Ben. 
and  Hesse. 

eA8IB0TIlI0HA.t 

.Smill  nqwUic  organ  trail  miih  n 
double  veniml  row  of  cilia,  a  cutiele 

•  C.  Clans,  "  Ueli.  die  Organisation,  etc.,  der  Gattung  Sdsou,"  Fettackrifl 
i.  F.  d.  eSJ.  Beat,  d.  K.  t.  z.  b.  Gtsi-tlmJtaft,  Wieu,  1878.  L.  Plate,  "Eotopar. 
fiotatorien  d.  Golfes  v,  KeaiwI,"  Nnpla  Mil.,  7,  1888 

t  C.  Zelinka,  "  Die  Gastrotrichon,"  Z.  f.  w.  Z.,  ti,  1890. 


BCHINODBRIDAE.  311 

cfUn.  prolonged  into  spines  and  hairs^  a  cerebral  ganglion  eonneetetl  with  the 
ectoderm,  and  with  mouth  and  anus. 

The  Gastrotricha  (Fig.  250)  are  small  fresh-water  organisms  of  unknown 
affinities.  They  have  a  ventral  mouth  in  front,  a  dorsal  anus  behind,  and  an 
alimentary  canal  presenting  a  muscular  pharynx,  stomach  lined  with  a  few  large 
cells,  and  a  rectum.  The  body  cavity  is  indistinct,  and  if  present  is  without 
epithelioid  lining.  There  is  no  vascular  system,  and  the  excretory  organs 
consist  of  two  coiled  tubes  opening  on  the  ventral  surface,  and  internally  ending 
in  a  ciliated  portion.  The  ovaries  are  paired,  and  no  oviducts  have  been  observed. 
It  is  doubtful  if  they  are  hermaphrodite,  and  if  a  small  median  organ  behind  the 
ovaries  is  a  testis.  No  male  is  known.  There  is  only  one  kind  of  egg,  found  in 
summer  as  well  as  winter.  The  muscular  system  is  highly  developed,  and 
in  part  in  specialized  muscular  bands.  There  are  no  transversely  arranged 
muscular  fibi^s.  The  cilia  are  in  two  ventral  rows,  and  a  patch  is  found  on 
the  head  in  the  neighbourhood  of  the  mouth.  There  is  a  dorsal  ganglion  in 
front  which  extends  a  little  distance  backwards  on  each  side. 

The  marine  forms,  Hemidasys  Clap,  and  Turhanella  M.  Sch.,  appear  not  to 
be  Oastrotricha,  The  former  has  a  parenchyma,  a  well-developed  testis,  vas 
deferens,  and  chitinous  penis,  and  two  small  ciliated  pita  in  front  like  Nemer- 
tines  and  some  Turl)ellarians ;  the  ovary,  nervous  system,  and  excretory  organs 
are  unknown.  In  Turhanella  the  whole  ventral  surface  is  ciliated,  and  there  is 
no  chitinous  cuticle  ;  and  there  are  two  ciliated  pits. 

Section  1.    Enichthydina. 

With  forked  tail,  and  adliesive  glandular  apparatus. 

Fam.  1.  Ichthydiidae.  Skin  either  naked  or  beset  with  scales  or  i>apillae, 
never  with  spines.     Ichthydium  Ehbg. ;  Lepidodcmm  Zelinka. 

Fam.  2.  Chaetonotidae.  Skin  either  with  spines  or  with  spines  placed  on 
scales.     CTiaetonotiis  Ehbg. ;  Cha^tura  Metschn. 

Section  2.    Apodina. 

Without  caudal  fork  ;  hind  end  either  simply  rounded,  or  lobed  and  provided 
with  tufts  of  hairs.     Dasydytes  Gosse  ;  Oossea  Zelinka. 

ECHUrODEBIDAS.* 

These  are  minute  marine  animals  with  an  elongated  body,  covered  with  a  strong 
cuticle  which  is  divided  into  segments,  and  an  anterior  protrusible  spinifeix>us 
proboscis,  at  the  apex  of  which  the  mouth  opens.  The  anus  opens  at  the  bind 
end  of  the  body.  The  cuticle  is  produced  into  bristles  and  spines.  The  central 
nervous  system,  which  lies  in  the  ectoderm,  consists  of  a  nerve-ring  surrounding 
the  pharynx  and  clothed  with  nerve-cells,  and  of  a  ventral  cord  with  segmentally 
arranged  groups  of  ganglia.  The  alimentary  canal  consists  of  a  muscular  pharynx, 
a  non-muscular  intestine,  and  a  rectum.  The  excretory  organs  are  represented 
by  blind  ciliated  tubes,  which  open  separately  on  the  dorsal  surface.  The 
animals  are  dioecious  ;  the  testes  and  ovaries  arc  paired  tubes  opening  veutrally 
on  either  side  of  the  anus.  They  occur  in  mud  on  the  sea-bottom,  and  on  marine 
Algae. 

•  W.  Reinhard,  "Kinorhyncha  (Echinoderes),  anat.  Ban  u.  Stellung  ini 
System,"  Z.  f.  w,  Z,,  46,  1887.  C.  Zelinka,  '^Ub.  Echinoderes,"  Vtrh,  d, 
deutsehen  Zool.  GeseL,  1894. 
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The  systematic  i)osition  of  these  animals  is  very  uncertain  ;  indeed,  our  know- 
ledge of  their  anatomy  hardly  justifies  us  in  coming  to  a  decision  on  the  matter. 
In  the  published  accounts  of  their  anatomy  there  is  no  description  of  the 
vascular  system,  nor  is  the  arrangement  of  the  body-cavity  made  clear.  It 
would  appear,  however,  that  the  kidneys  and  generative  organs  ore  not  connected 
with  any  other  space,  and  it  is  possible  that  they  are  to  be  regarded  as  coelomic, 
as  the  products  of  two  pairs  of  coelomic  chambers  (mesoblastic  somites).  If  this 
should  turn  out  to  be  a  correct  supposition,  it  would  support  the  view  that  they 
are  related  to  Annelids — a  view  which  is  prompted  by  the  relations  and  segmenta- 
tion of  the  central  nervous  system.     Eehinodercs  Dcg. 


CHAPTER   IX. 

The  COELOMATA. 

The  coelom,  the  possession  of  which  characterizes  all  the  remaining 
groups  of  the  animal  kingdom,  is  an  organ  of  the  greatest  importance, 
and  one  the  real  nature  of  which  has  only  recently  been  appreciated 
by  anatomists. 

Formerly  the  word  coelom  was  used  as  synonymous  with  body- 
cavity  or  perivisceral  cavity,  and  no  distinction  was  recognized 
between  the  body-cavity  of  the  AHhropoda  and  the  same  structure 
in  such  forms  as  the  Vertebrata,  In  fact,  there  are  works  on 
Zoology  now  in  use  in  which  the  term  coelom  is  applied  alike  to 
the  blood-containing  space  of  the  Arthropods,  and  to  the  body-cavity 
of  Annelids  and  Vertebrates,  which  is  free  of  blood,  and  into  which 
the  generative  ducts  and  kidney  tubes  open  and  the  generative  cells 
are  dehisced.  We  now  know  that  the  organ  called  coelom,  so  far 
from  being  necessarily  or  primarily  a  body-cavity,  may  in  some  cases 
have  nothing  of  that  mechanical  relation  to  the  viscera  which  is 
implied  in  the  conception  of  a  perivisceral  space.  It  is  true  that 
in  the  majority  of  cases  a  portion  of  the  coelom  does  enlarge,  acquire 
a  thin  smooth  wall,  and  enter  into  a  relation  with  some  of  the  more 
important  viscera,  a  relation  the  purpose  of  which  is  apparently  to 
enable  the  functional  movements  of  the  internal  organs  to  take  place 
with  the  least  amount  of  friction  and  of  resistance  from  surrounding 
structures.  But  there  is  one  group,  the  Arthropoda^  in  which  the 
coelom,  though  present  and  discharging  important  functions,  develops 
no  such  perivisceral  portion,  and  another,  the  Mollusca,  in  which  the 
perivisceral  portion  is  sometimes  much  limited,  not  extending  to  any 
other  viscus  than  the  heart. 

The  functions  which  the  coelom  discharges  in  such  cases,  and  the 
real  nature  and  relations  of  the  organ  will  be  dealt  with  more  fully 
in  the  general  part  of  this  work ;  here  we  shall  only  consider  the 
subject  in  its  main  outlines,  and  not  being  in  a  position  to  place  all 
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the  facts  before  the  reader,  our  treatment  of  it  must  be  more  or  less 
dogmatic. 

The  coelom  presents  the  fullest  and,  what  we  may  call  most 
typical  development  in  the  dibranchiate  Cephalopoda.  Here  it  is 
divided  into  three  parts,  all  of  which  communicate.  These  parts  are, 
(1)  the  genital  sac  or  gonadial  coelom,  from  the  epithelial  walls  of 
which  the  reproductive  cells  arise ;  (2)  the  viscero-pericardial  sac  or 
perivisceral  coelom,  which  has  the  functions  of  a  typical  body-cavity 
for  the  heart  and  certain  other  viscera ;  (3)  the  renal  sacs  or  nephridial 
coelom,  the  epithelial  walls  of  which  secrete  the  nitrogenous  waste, 
thus  performing  the  functions  of  kidneys. 

As  stated  above  all  these  sections  of  the  coelom  are  in  communi- 
cation, the  gonadial  with  the  viscero-pericardial,  and  the  viscero- 
pericartlial  with  the  nephridial.  Moreover,  the  gonadial  and  nephridial 
open  directly  to  the  exterior,  the  former  through  the  generative  ducts, 
and  the  latter  through  the  nephridiopores.  From  this  it  would 
appear  that  tlie  coelom,  in  addition  to  its  mechanical  relations,  has 
two  most  important  functions:  the  one  of  these  is  to  bud  out  the 
reproductive  cells,  and  the  other  to  secrete  the  nitrogenous  waste. 
These  functions  are  always  discharged  by  the  coelom  in  the  Coeloinaia, 
In  certain  forms,  e,g,,  Peripattts,  elasmobranch  fishes.  Cephalopoda, 
some  GastropiKla  and  the  Annelida,  this  is  perfectly  obvious ;  but  in 
most  Arthropods,  and  in  some  Vertebrates  and  Molluscs  it  is  a 
matter  of  inference,  and  might  possibly  be  disputed  by  those  zoologists 
who  have  not  followed  i*ecent  morphological  research.  We,  however, 
liave  no  hesitation  in  la^'ing  it  down  as  a  general  law  that  in  all 
Coelomata  the  functions  of  proiiucing  the  reproductive  cells  and 
secreting  the  nitrogenous  waste  are  discharged  by  this  organ  which 
we  now  call  Coelom. 

With  regard  to  the  origin  of  the  coelom  and  its  relation  to  other 
organs,  we  have  here  only  the  following  statements  to  make. 

The  coelom  is  derived  from  the  enteron ;  it  is  a  part  of  the  enteric 
cavity,  which  has,  in  all  Coeloniata,  lost  its  connection  with  that 
portion  which  constitutes  the  alimentary  canal  in  the  adult,  though 
it  lias  retained  its  connection  with  the  enteron,  thus  showing  its 
enteric  origin,  in  the  young  stages  of  certain  groups,  e.g.,  the 
Erhinodennata,  Chaetogjiatha,  Bra^hiopofJa,  Enieropneusta,  and  in 
Amphiotrus.  In  the  one  division  of  the  Coelenferafa,  viz.,  the 
Actinozoa,  thei*e  is  an  incipient  coelom  in  the  enteric  pouches,  on 
the  walls  of  which  the  reproductive  cells  are  formed.  The  Coden- 
ierata,  however,  are  not  Coelomata;  they  have  no  organ  distinct  from 
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the  enteron  concerned  with  the  renal  and  with  the  reproductive 
functions. 

The  PlcUyhdmintTies,  NematJielmintheSy  and  Rotifera  are  also  not 
Codomata;  or  perhaps  it  would  be  better  to  say  that  they  cannot 
be  ranked  as  Codomata  in  the  present  state  of  our  knowledge.  It 
may  be  that  in  these  phyla  also,  or  in  some  of  them,  the  progress 
of  research  will  show  that  the  renal  and  reproductive  organs  ai-e 
enteric  in  origin,  and  are  to  be  regarded  as  homologous  with  the 
coelom. 

It  has  already  (p.  312)  been  pointed  out  that  in  the  lower  Tur- 
hdlaria  there  is  reason  to  believe,  from  a  study  of  the  adult  structure, 
that  the  whole  of  the  mesodermal  parenchyma,  of  which  the  genital 
and  renal  organs  are  part,  is  in  reality  a  portion  of  the  enteric  wall. 

Finally,  before  leaving  this  subject,  there  is  one  more  point  to 
notice  with  regard  to  the  coelom.  In  all  metamerically  segmented 
animals  the  coelom  is  the  first  organ  to  show  segmentation  in  the 
embryo :  it  is  the  first  organ  to  show  that  repetition  along  the  long 
axis  which  constitutes  metameric  segmentation.  In  fact,  we  may  lay 
it  down  as  a  general  law  that  in  metamerically  segmented  animals 
the  coelom  is  not  only  the  first  organ  to  present  segmentation,  but 
is  segmented  from  its  very  first  appearance,  and  tliat  the  subsequent 
segmentation  or  repetition  of  other  organs  is  evolved  out  of  this 
primal  segmentation. 

There  are  a  few  apparent  exceptions  to  this  law  amongst  certain  grou^ts  in 
which  the  number  of  segments  is  very  small,  l>eing,  in  fact,  limited  to  three. 
These  exceptions  are  the  Brn^hiopoda,  ChaetognaOuiy  and  the  EchinodervuUa, 
In  the  first  two  of  these  grou])3  the  coelom  is  said  to  be  separated  off  as  a  single 
sac  on  each  side,  which,  presumably,  subsequently  becomes  divided  into  the  three 
sacs  characteristic  of  the  adult  (for  qualification  with  regard  to  Brachiopods  see 
ctiapter  on  Bracfiiopoda),  In  the  Echinoderms  there  is  some  variation  with 
regard  to  this  point. 


CHAPTEE   X. 

Phylum  MOLLUSCA.' 

Bilaterally  symmetrical  unsegmented  animals^  with  a  ventral  fooiy 
and  usually  with  a  radula^  a  mantle  fold^  and  a  univalve  or  bivalve 
calcareous  shell.  The  central  nervous  system  consists  of  a  drcum- 
oesophageal  ring  tcith  various  ganglionic  developments^  and  both  the 
haemoeoel  and  coelom  contribute  to  the  formation  of  the  perivisceral 
cavities. 

The  group  Mollusca\  with  somewhat  of  its  present  limits  was 
established  by  Cuvier  (1798).  Linnaeus  had  used  the  word  before, 
but  his  group  Molluscs  bore  very  little  resemblance  to  that  of  Cuvier, 
and  even  Cuvier  himself  included  in  the  "  embranchement "  a  number 
of  fonns  wliich  are  now  known  to  have  nothing  to  do  with  it. 
Cuvier's  Mollusca  included  the  Cephalopoda^  the  Gaatropoda^  the 
PteropodOy  the  Acephala,  and  the  following  groups  now  removed 
from  them :  the  Brachiopoda^  the  Tunicata,  and  the  Cirripedia, 

In  many  points  the  Mollusca  resemble  the  Annelida,  with  which 
phylum  tliey  are  clearly  closely  allied.      The  arrangement  of  the 

*  J.  Poll,  "Tcstacea  utriiisque  Siciliae,  eorumque  historia  et  anatome,"  3  vola., 
Pamia,  1791-1795.  G.  Cuvier,  Mtmoires  pour  acrvir  d  Vhistoirc  et  d  raiuUotnie 
des  Mollusques,  Paris,  1817.  G.  B.  Deshayes,  ^Histoire  naturelle  des  Mollusques 
{ExpUyraiion  de  V  Algtrie),'*  Paris,  1844-48.  R.  Leuckart,  "  Ueb.  rf.  Morphologie 
M.  d.  VeruxiTid.  Vcrhdli,  der  Wirhellosen  Thure,**  Braunschweig,  1848.  Eydoux 
and  Souleyet,  "  Voyage  autour  du  inonde  sur  la  corvette  la  Bonite.  Histoire  naturelle 
Zoologlc"  Paris,  1852.  T.  H.  Huxley,  "On  the  Morphology  of  the  Cephalous 
Molhisca  as  ilhistrated  by  the  Anatomy  of  certain  Heteropoda  and  Pteropoda,etc.," 
Phil.  Trfi)i3.,  1853.  Bronn  and  Keferstein,  "Die  Klassen  u.  Ordnungen  der  Weich- 
thieve"  Leipzig  and  Heidelberg,  1862-66.  E.  Ray  Lankcster,  "Contributions 
to  the  developmental  history  of  the  Mollusca,"  Phil,  Trans.  ^  1876.  P.  Fischer, 
"Manual  de  Conchyliologie  et  de  PaUontologie  concliyliologique^  Histoire  not.  des 
Mollusques  vivants  et  fossiles,'*  2  vols.,  Paris,  1887.  P.  Pelseneer,  "Introduction 
k  retude  des  Mollusques,"  Bruxelles,  1894.  K.  A.  Zittel,  Handbuch  der  Pahuon- 
tologicy  Abth.  1,  Palaeozoologie,  Bd.  2,  Mollusca  and  Arthropoda,  Munich  and 
Leipzig,  1881-85.  S.  P.  Woodward,  A  Manual  of  the  Mollusca^  3rd  Ed.,  London, 
1875. 

t  For  a  short  literary  history  of  the  Mollusca,  vide  E.  Ray  Lankester*s  Article 
on  Mollusca  in  the  last  edition  of  the  Encyclopaedia  Britanniea,  and  republished 
in  **  Zoological  ArticleSj'*  London,  1891. 
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central  nervous  system  as  a  circum-oesophageal  ring,  of  which  the 
sub-oesophageal  portion  may  be  pulled  out  into  ventral  cords;  the 
presence  of  a  more  or  less  developed  perivisceral  portion  of  the 
coelom ;  the  dorsal  position  of  the  mainvascular  trunk ;  and,  finally, 
the  very  general  presence  of  a  trochosphere  larva,  are  all  important 
characters,  which  point  to  a  connection  more  close  than  that  which 
ordinarily  exists  between  groups  of  phyletic  rank. 

On  the  other  hand,  the  differences,  which  are  also  of  great 
importance,  must  be  noted.  The  Mollusca  are  almost  entirely 
without  the  phenomenon  of  metamerism,  which  is  so  generally 
characteristic  of  Annelida.  It  is  true  that  signs  of  this  phenomenon 
are  not  altogether  absent,  for  we  find  in  Nautiltis  a  twofold  repe- 
tition of  the  gills,  kidneys,  and  auricles,  and  in  Chiton  multifold 
repetition  of  the  shell-plates  and  gills.  But  these  are  isolated 
instances,  and  not  generally  characteristic  of  the  group.  Moreover, 
so  far  as  is  known  there  is  nothing  in  the  embryo  comparable  to 
the  repetition  of  the  mesoblastic  somites  of  the  Annelids — the 
phenomenon  by  which  the  adult  metamerism  is  preceded,  and  on 
which  it  is  based.  Finally,  whereas  in  Annelids  the  perivisceral 
cavity  is  entirely  furnished  by  coelom,  and  the  haemocoel  is  almost 
completely  canalicular;  in  Molluscs  vascular  sinuses  are  well  developed, 
and  in  some  parts  of  the  body  so  large  that  they  constitute  perivisceral 
cavities  to  the  organs  in  relation  with  them.  Thus  in  Molluscs  part 
of  the  body-cavity  is  coelomic — the  portion  called  pericardial  or  viscero- 
j)ericardial — and  part  is  haemocoelic ;  but  it  must  be  carefully  borne 
in  mind  that  the  coelomic  portion  of  the  body-cavity  is  entirely 
separate  from  the  haemocoelic,  and  that,  however  much  they  may 
appear  to  resemble  each  other  in  the  adult,  their  relations  and  de- 
velopment are  totally  different. 

The  asymmetry  and  distortion  foimd  in  the  class  Gastropoda  is 
a  very  interesting  phenomenon,  and  in  some  respects  comparable  to 
the  still  more  remarkable  distortion  from  the  original  symmetry 
found  in  the  Echinodermata.  But  the  two  phenomena  differ  in 
their  mode  of  occurrence  in  certain  important  respects,  which  it 
may  be  desirable  to  point  out.  In  Echinodermata  not  only  is  the 
distortion  completely  carried  out  in  every  living  member  of  the 
group,  but  a  new  symmetry  has  in  all  cases  been  obtained,  and 
sometimes  (certain  Ecliinoidea)  a  second  time  lost.  Therefore,  in 
order  to  arrive  at  an  understanding  of  the  course  which  the  dis- 
tortion has  taken,  we  are  entirely  dependent  upon  embryology; 
indeed,  were  it  not  for  the  knowledge  gained  by  a  study  of  the 
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development,  we  should  not  know  that  any  departure  from  the 
original  symmetry  had  occurred.  In  the  Oagtropoda^  on  the  other 
hand,  not  only  is  there  one  form  in  which  there  is  no  asymmetry 
at  all,  but  the  other  members  of  the  group  present  the  distortion 
in  various  degrees,  and  in  no  living  Gastropod  has  a  new  symmetry 
been  completely  attained.  It  is  possible,  therefore,  by  a  comparison 
of  adult  forms  to  arrive  at  an  understanding  of  the  course  by  which 
the  distortion  in  the  most  extreme  members  has  been  brought  about. 

The  Mollusca  are  unsegmented  animals  without  jointed  append- 
ages. The  body  is  covered  by  a  soft,  slimy  integument,  bounded 
externally  by  an  epithelium  frequently  ciliated  and  containing  a 
considerable  number  of  gland-cells.  They  lack  both  an  internal 
and  external  locomotory  skeleton,  and  are  therefore  especially  suited 
for  life  in  water.  But  few  of  them  are  terrestrial,  and  when 
this  is  tlie  case  the  movements  are  always  limited  and  slow;  while 
the  aquatic  forms  may  be  endowed  with  the  power  of  rapid 
swimming. 

Beneath  tlie  epithelium  is  the  dermal  connective  tissue,  which 
consists  of  cells  of  various  forms,  branched  cells,  elongated  fibre- 
cells,  and  especially  characteristic  are  the  vesicular  cells,  which 
sometimes  secrete  and  contain  calcareous  concretions  or  spicules 
(PleurohraticTis,  and  some  Nudibranchs),  This  tissue  contains 
blood-spaces,  the  filling  of  which  with  blood  may  cause  a  turgescent 
swollen  condition  of  that  part  of  the  integument  Sometimes  it  is 
condensed,  and  forms  the  cartilage  of  the  Cephalopoda,  the  skeletal 
tissue  of  the  branchial  filaments  of  Lamellibranchs,  the  shell  of  the 
Cymhtdiidae. 

The  muscidar  fibres  are  generally  non-striped.  There  is  often 
an  appearance  of  striation  in  consequence  of  the  arrangement  of 
the  granules,  e.^.,  muscles  of  buccal  mass,  of  hearty  columellar 
muscles  of  the  larvae  of  some  Nudibranchs,  etc.,  and  in  some  cases 
the  fibres  are  more  distinctly  cross-striped,  e.^.,  portion  of  adductor 
muscles  of  Pecten. 

The  dermal  muscular  system  plays  an  important  part  in  the  loco- 
motion of  these  animals,  especially  that  part  of  it  which  is  placed 
on  tlie  ventral  surface  of  the  body.  In  this  region  it  is  greatly 
developed,  and  gives  rise  to  a  more  or  less  projecting  locomotory 
organ  of  very  various  shape,  the  foot  (Fig.  254). 

The  foot  always  consists  of  an  unpaired  median  structure,  which 
is  sometimes  divided  into  several  parts,  and  may  possess,  in  addi- 
tion, paired  lateral  lobes — the  epipodia. 
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In  most  Mollusca — the  Cephalophora  as  opposed  to  the  Acephala 
or  Lamdlibranchiata — the  anterior  part  of  the  body  is  marked  off 
as  a  distinct  head,  and  bears  the  mouth,  tentacles,  and  special 
organs  of  sense.  The  dorsal  pai-t  of  the  body  behind  the  head 
constitutes  the  main  mass  of  the  animal,  and  is  called  the  visceral 
sac  The  integument  of  the  visceral  sac  constitutes  the  mantle  or 
pallium,  and  is  nearly  always  folded  near  the  junction  of  the 
visceral  sac  with  the  head  and  foot.  This  fold  is  the  mantle-foldy 
or  pallial-fold,  and  the  groove  enclosed  by  it  is  the  mantle- (p'oave, 
or  pallial-groove.  The  mantle-groove  contains  the  gills,  anus,  and 
renal  openings,  and  is  nearly  always  deeper  in  the  neighbourhood 
of  these  structures  than  elsewhere,  thus  constituting  the  mantle-  or 
pallial-cavity  proper.  The  outer  surface  of  the  mantle  generally 
secretes  a  calcareous  sTiell — though  this  structure  may,  by  secondary 
modification,  be  absent  in  the  adult.  The  head  and  foot  are 
attached  to  the  shell  by  paired  and  symmetrical  muscles  in  the 
Placophoray  Seaphopoda,  LamelUhranchiata  (retractors  of  the  foot), 
and  Cephalopoda  (retractors  of  the  head  and  funnel) ;  and  in  Q astro- 
poda  by  a  single  muscle — the  columellar  or  spindle-muscle. 

The  central  nervous  system  consists  of  a  circum-oesophageal  ring 
with  a  uniform  coating  of  nerve-cells,  or  the  latter  may  be  specially 
aggregated  into  ganglia — the  cerebral  or  supra-oesophageal,  and  the 
pedal  or  sub-oesophageal.  In  some  forms  the  pedal  or  ventral 
portion  of  this  nerve-ring  may  extend  as  a  pair  of  long  cords  into 
the  foot  (Chiton f  Haliotis,  etc.).  Sometunes  there  is  a  second  circum- 
oesophageal  commissure  connecting  the  cerebral  and  pedal,  and  pro- 
vided with  a  ganglion — the  pleural.  These  various  ganglia  give 
off  nerves — the  cerebral  to  the  head,  cephalic  sense  organs  and 
lips,  the  pedal  to  the  foot,  and  the  pleural  to  the  mantle  and 
gms. 

In  addition  to  this  somatic  system,  as  we  may  call  it,  there  is 
the  visceral  system,  which  generally  consists  of  two  commissures 
with  ganglia  in  their  course.  Of  these  there  is  (1)  the  stomato- 
gastric  commissure,  which  starts  on  each  side  from  the  cerebral, 
and  is  completed  ventrally  to  the  oesophagus;  the  ganglia  upon 
it  are  called  the  buccal,  and  supply  the  buccal  mass  and  stomach; 
and  (2)  the  visceral  commissure,  which  starts  on  each  side  from 
the  pleural,  and  is  completed  posteriorly  ventral  to  the  intestine. 
The  ganglia  upon  this  commissure  vary  in  number  in  different 
forms,  and  are  called  the  visceral.  They  innervate  the  intestine, 
vascular,  renal,  and  reproductive  organs.      The  stomatogastric  and 


320  MOLLUSCA. 

visceral    commissures    very    frequently    anastomose    (Ceplialopoday 
Gastropoda). 

Tactile  organs.  In  addition  to  the  general  sensibility  of  the 
skin  there  are  tentacles  on  the  head,  or  in  the  Ac^hala  on  the 
mantle-edge.  The  olfactory  sense  is  partly  discharged  by  the  ten- 
tacles, and  partly  by  the  osphradia,  which  are  sensory  patches  of 
the  mantle  epithelium  near  the  base  of  the  gUls,  and  are  innervated 
by  nerves  from  the  visceral  commissure.  The  eyes  have  generally  a 
complicated  structure;  there  are  usually  two  on  the  head,  and  in 
rare  cases  they  are  found  on  the  mantle-edge  (AcepTiala),  and  even 
on  the  dorsal  surface  (Chitony  Onchidium). 

Auditory  organs,  or  organs  which,  from  their  structure,  are 
supposed  to  have  that  fimction  are  very  generally  present.  They 
have  the  form  of  otocysts,  provided  with  sense-hairs  on  their 
internal  walls,  and  containing  one  or  more  otoliths.  They  are 
usually  paired,  and  lie  either  on  the  cerebral  or  pedal  gangha. 
They  are,  however,  said  to  be  always  innervated  from  the  former. 

The  alimentary  canal  (absent  in  two  parasitic  forms,  Entoconcha 
and  Entocolax)  is  always  provided  with  a  mouth  and  anus.  The 
mouth  is  always  at  the  front  end  of  the  body,  on  the  head  in 
the  Cephalophora,  and  the  anus  opens  into  the  mantle-cavity 
"behind,  excepting  in  Gastropods,  in  which  the  mantle-cavity  is  on 
the  front  side  in  consequence  of  the  torsion  of  the  visceral  sac. 
Three  parts  can  l)e  distinguished — (1)  the  stomodaeum,  consisting 
of  buccal  cavity  and  oesophagus;  (2)  the  mesenteron,  consisting  of 
stomach  and  intestine;  and  (3)  the  proctodaeum,  which  is  very 
«hort  in  most  fonns,  even  if  it  can  be  distinguished  at  all. 

The  buccal  cavity  is  absent  in  Acephala  (Lamellibranchs) ;  but 
in  the  other  forms,  which  may  be  called  OdoniopJiora,  it  forms 
a  chamber  with  muscular  and  cartilaginous  walls,  which  receives 
the  salivary  ducts,  and  has  on  its  floor  an  apparatus  called  the 
odontophore.  This  consists  of  a  toothed  chitinous  ribbon — the 
radula,  a  pair  of  cartilaginous  pieces  beneath  the  buccal  floor, 
and  a  sheath  in  which  the  ribbon  is  formed  (for  detailed  descrip- 
tion see  under  Gastropoda,  p.  356).  There  is  usually  an  extensive 
liver  opening  into  some  part  of  the  mesenteron. 

The  relations  of  the  perivisceral  or  body-cavity,  in  the  formation 
of  which  the  coelom  and  haeniocoele  take  varying  parts,  have  already 
been  described,  and  will  be  dealt  with  again  in  detail  under  the 
various  classes. 

The  vascolar  system  forms  a  completely  closed  system.     Even 
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in  cases  when  some  of  the  vessels  open  out  into  large  spaces,  which 
surround  some  of  the  viscera  and  fonn  a  true  perivisceral  cavity, 
there  is  no  communication  with  the  coelom,  or  with  any  other 
organ,  or  with  the  exterior.  The  so-called  aquiferous  canals,  when 
present,  do  not  lead  into  the  blood  system,  but  merely  into  spaces 
in  the  integument. 

The  heart  consists  of  a  median  ventricle,  and  of  two  lateral 
auricles  (four  in  NatdUtcs,  one  in  most  Oastropoda);  it  is  placed 
on  the  dorsal  surface  m  the  pericardium  (except  in  Anomia  and  the 
Odapoda),  As  already  hinted  the  ventricle  is  merely  a  portion 
of  a  longitudinal  dorsal  vessel  (the  rest  being  formed  by  the  aortae) 
comparable  to  the  dorsal  vessel  of  Annelids. 

The  arteries  branch,  but,  except  in  Cephalopoda^  in  which  capil- 
laries are  found,  they  end  in  sinuses  amongst  the  organs,  from 
which  the  blood  passes  into  the  large  veins ;  these  conduct  the 
blood  to  the  gills,  part  or  all  of  it  passing  through  the  kidney  on 
the  way.  In  many  cases  the  blood  in  the  mantle  passes  directly 
to  the  heart  without  traversing  the  giUs. 

The  blood  is  either  colourless  or  of  a  slightly  blue  tinge,  due  to 
the  presence  of  haemocyanin  (an  albuminoid  pigment  containing 
copper).  In  rare  cases  it  is  red  owing  to  the  presence  of  haemo- 
globin in  the  plasma  (Plariorbis),  or  in  the  corpuscles  (SolenogastreSf 
some  Lamellibranchs). 

A  lymphatic  gland  consisting  of  a  framework  of  connective 
tissue,  in  which  blood  corpuscles  are  formed,  is  often  present  on 
the  course  of  the  aorta. 

Respiration  is  in  all  cases  carried  on  through  the  general  outer 
surface  of  the  body,  but  in  addition  special  respiratory  organs  in 
the  form  of  branchiae  or  of  lungs  are  generally  present. 

The  branchiae  are  projections  (often  ciliated)  of  the  body  surface 
and  are  usually  placed  in  the  mantle-cavity.  Very  generally  they 
have  a  certain  form  designated  by  the  term  Ctenidium.  A  ctenidiuni 
is  a  branchia  consisting  of  an  axis  attached  to  the  body  and  bearing 
two  rows  of  projecting  lamellae.  Altliough  not  always  found,  the 
ctenidium  is  the  typical  Molluscan  gill,  and  is  always  contained 
to  the  number  of  one,  two,  or  four  (NautUua)  in  the  mantle-cavity. 
In  the  Chitojiidae  only  are  the  ctenidia  more  numerous  than  four. 
The  giUs  may  have  other  forms  (Ntidibranchiata),  and  in  the 
terrestrial  forms  are  absent  altogether,  the  mantle-cavity  having 
iissumed  a  form  and  structure  suitable  for  aerial  respiration. 

The  excretory  organs,  often  called  the  organs  of  Bojanus,  are 

Y 


322  MOLLUSCA. 

sj)ecial  portions  of  the  coelom,  and  as  such  are  nearly  always  in 
free  communication  with  other  parts  of  the  coelom.  In  Nautilus 
alone  are  they  isolated.  The  glandular  tissue  of  the  excretory 
organs  is  arranged  in  various  ways  in  different  forms  (for  which 
see  accounts  of  separate  groups).  The  forms  in  which  the  nitro- 
genous waste  is  got  rid  of  is  said  to  be  guanin  in  Cephalopoda, 
uric  acid  in  many  Opisthobranchs,  and  urea  in  Lamellibranchs. 

The  pericardial  or  viscero-pericanlial  division  of  the  coelom  also 
often  contains  glandular  tissue,  which  constitutes  the  pericardial 
gland, 

Beproduction  is  always  sexual,  and  no  cases  of  parthenogenesis 
are  known  in  the  phylum.  The  power  of  reproducing  lost  parts, 
whether  cast  off  voluntarily  or  lost  accidentally,  is  considerable — 
parts  of  the  foot  and  its  appendages,  siphons  of  some  bivalves,  doi-sal 
I>apillae,  etc.,  of  some  Nudibranchs,  cephalic  tentacles,  arms  of 
Cephalopoda ;  and  very  often  the  i)art  reproduced  may  bear  organs 
of  a  complicated  kind,  e.(j.,  eyes,  suckers,  etc.  But  this  power  of 
reproducing  lost  i)arts  is  never  so  gi'eat — so  far  as  is  known — as  to 
lead  to  the  complete  formation  of  a  new  individual  from  the  i)art 
removed  from  the  lx)dy,  i.e.,  asexual  reproduction  is  unknown  in 
the  grouj).     The  hermaphrodite  condition  is  fairly  common. 

The  genital  glands,  however  much  they  may  be  modified,  are 
always  to  l>e  regarded  as  portions  of  the  coelom.  This  fact  is 
perfectly  obvious  in  the  Scaphopoda,  and  in  some  Lamellibranchs 
and  Gastropoda^  in  which  they  open  into  the  renal  division  of  the 
coelom;  and  in  the  Solenogastres  and  Cephaioitoda^  in  which  they 
open  into  the  perivisceral  j)art  of  the  coelom.  But  in  the  majority 
of  I^mellibmnchs  and  Gastropods  it  is  not  so  obvious;  but  there 
can  be  no  doubt  of  this  being  the  real,  if  modified  and  concealed, 
relation,  when  such  forms  are  comjiared  with  others  in  the  same  class 
in  which  the  two  organs  communicate ;  and  further,  it  must  not  be 
forgotten  that  in  some  Lamellibranchs,  and  in  Paltuiina  amongst 
Gastropods,  the  genital  cells  can,  in  their  origin  in  the  embryo,  be 
directly  related  to  the  coelom. 

Development.  AVe  cannot  here  enter  into  details  of  the  develop- 
ment ;  the  greatest  variety  prevails  from  the  large  meroblastic  eggs 
of  Cephalopoda^  through  viviparous  forms  such  as  Paludina^  to 
the  immense  majority  of  forms  in  which  the  eggs  are  small,  and 
the  young  hatched  at  an  early  stage  as  a  larva.  The  larva  always 
has  the  trochosphere  form,  and  soon  acquires  a  shell-^land  on  its 
ilorsal,  and  a  rudiment  of  the  foot  on  its  ventral  surface  (Fig.  268). 


MOLLUSCA. 


323 


The  velum  at  the  same  time  becomes  drawn  out  into  lobes,  and 
we  get  the  well-known  veliger  larva.  A  point  to  notice  about  the 
development  is  that  the  blastopore  often  assumes  the  form  of  a  slit 
which  may  completely  close,  or  close  behind  and  remain  open  in 
front  as  the  mouth,  or  less  often  close  in  front  and  remain  open 
behind  as  the  anus. 

The  Mollusea  are  essentially  aquatic  animals,  and  especially 
marine;  only  a  few  live  on  land,  and  these  seek  damp  situations. 
They  are  one  of  the  largest  and  most  diversified  of  animal  groups, 
and  apparently  have  always  been  so  since  the  earliest  fossiliferous 
I>eriods,  for  all  of  the  great  groups  are  represented  in  the  Palaeozoic 
I)eriod,  and  a  Helix,  or  a  form  allied  to  Helix  and  belonging  to  the 
most  specialized  of  Mollusca  is  now  known  even  from  the  Car- 
boniferous. 

At  the  present  day  about  25,000  species  are  known;  they  are 
distributed  over  the  whole  surface  of  the  earth,  and  are  found  in 
the  sea  to  a  depth  of  nearly  3000  fathoms.  Their  habits  of  life 
are  most  various;  there  are  parasitic  forms,  Entoconcha,  Ihdima, 
EntocolaXy  Entovalva,  Stili/er,  Thycu  (all  on  Echinoderms) ;  com- 
mensals (e.^.,  Montacida) ;  fixed  forms  ( Vermetus,  Ostrea) ;  pelagic 
forms;  and  creeping  forms,  the  latter  constituting  the  majority. 

Their  duration  of  life,  where  known,  varies  from  one  to  thirty 
years ;  the  Pulmonates  generally  live  two  years,  but  the  garden-snail 
has  been  kno\vn  to  live  five  years.  The  oyster  is  adult  at  about  five 
years,  and  lives  to  ten  years.  The  Anodonta  do  not  arrive  at  sexual 
maturity  till  five  years,  and  live  for  twenty  or  thirty  years. 

The  following  is  the  classification  of  the  MoUusca  adopted  in 
this  work : — 


Class  I.  LAMELLIBRANCHIATA. 

„    II.  SCAPHOPODA. 

„  III.  SOLENOGASTRES. 

„  IV.  GASTROPODA. 

Sub-class  1.      ISOPLEURA. 

„         2.     Anisopleura. 
Order  1.    Streptoneura. 

Sub-order  1.     Aspidobranchiata, 

Tribe  1.    Docoolossa. 
,,      2.    Rhipidoolossa. 

Section  A,    ZygobranchUit4u 
,1       B.    Azygobranchiata. 

Sub-order  2.  PectiTwbranchiata. 

Tribe  1.    PrmoGLOseA. 
S.    Rachiolcmba. 


n 


Class  IV.    GAOTROPODA— Co»linii<rf. 
Tribe  8.    Toxoglossa. 

„        4.      TAKMIOOLOeSA. 

Section  A.    Platypoda. 
„       B.    Heteropoda. 

Order  2.     Euthyneura. 

Sub-order  1.   OpiathohranchiaUj, 

Tribe  I.    Tkctibbakchiata 

(includes  Pteropoda). 

„        S.      NUDIBRANCHIATA. 

Sub-order  2.    FulmoncUa. 

Tribe  1.    Basommatophora. 
„      2.    Sttlommatopboiu. 

Class  V.    CEPHALOPODA. 
Order  1.     Dibranchiata. 

2.     Tetrabranohiata. 


»» 
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Glass  I. 
LAMELLIBBANOmATA*    (PELEGYPODA.     LIPOGEPHALA). 

Symmetrical  Mollusca  toithout  head  or  odontophore;  with  bilohed 
m^ntley  bivalve  shell,  and  ttstudli/  lamellate  gitts. 

The  name  of  this  class  t  is  taken  from  the  form  which  the  gills 
present  in  most  members  of  the  group.  The  fresh-water  mussel 
Anodonta  cygnea  is  a  typical  member  of  the  class. 

The  mantle-fold  is  in  reality  a  continuous  annular  fold  of  the 
dorsal  integument,  but  in  connection  with  the  lateral  compression 
of  the  body  it  is  especially  developed  on  the  two  sides  of  the 
animal  into  a  right  and  left  lobe.  It  is,  therefore,  usually  described 
as  being  bilobed.  The  mantle  secretes  over  the  whole  of  its  outer 
surface  a  cuticular  covering,  which  becomes  calcified  everywhere 
except  in  the  dorsal  middle  line,  forming  the  two  pieces,  or  valves^ 
of  which  the  shell  is  composed.  In  the  dorsal  middle  line  it 
remains  as  an  uncalcified  elastic  membrane — the  hinge-ligament — 
which  connects  together  the  two  valves  of  the  shell.  The  latter 
are  rarely  exactly  alike ;  nevertheless,  the  term  unequivalve  is 
only  applied  to  those  shells  in  which  the  asymmetry  is  very 
marked  and  the  valves  can  be  distinguished  as  an  upper  and 
lower.  In  such  forms  (Ostreidae)  the  lower  valve  is  the  larger 
and  more  arched,  while  the  upper  is  smaller  and  flatter,  clasing 
up  the  concavity  of  the  lower  after  the  manner  of  an  operculum. 
The  two  valves  of  the  shell  are  in  contact  dorsaUy,  where  they 
are  also  connected  by  the  ligament.  This  line  of  contact  may  be 
complicated  by  the  presence  of  interlocking  hinge-teeth.  The  hinge- 
edge  with  the  ligament  is,  therefore,  to  be  distinguished  from  the 
free  edge  of  the  shell,  which  is  divided  into  an  anterior,  ventral, 
and   posterior   (siphonal)   edge.      The   anterior  and   posterior  edge 

*  G.  Cuvier,  '*  Vhistoire  et  VaiuUoinie  des  Mollusques"  Paris,  1817.  Bojaiuis, 
*'  Ueber  die  Athem — uud  Kreislaufswerkzeuge  der  zweischaligen  Miischfeln,  *  /jw, 
1817,  1820,  1827.  Deshayes,  *'Hi8toire  Naturelle  des  Mollusques"  {Exploration 
,de  VAlgirie),  1844-1848.  8.  Loven,  K,  Vet.  Akad.  Hardgr.  Stockholm,  1848. 
Translated  in  the  Arch,  /.  Naiurgeach.^  1849.  Lacaze  Duthiers,  Ann,  des  Sc. 
N(tt.  1854-1861.  H.  and  A.  Adams,  **  The  Oen/ra  of  recent  MoUusea"  London, 
1853-1858.  L.  Reeve,  '*  Conchologica  ieonica/*  London,  1846-1868.  R.  H.  Peck 
**The  Minute  Structure  of  the  Gills  of  Lamellibranch  Mollusca,*'  Quart  /.  Mic 
iSci.;  vol.  xvii.,  1877.  K.  Mitsukuri,  "Structure  and  Significance  of  some  aber- 
rant forms  of  Lamellibranchiate  Gill,"  Quart,  J,  Mic,  Sci.,  xxL,  1881.  P. 
Pelseneer,  "Contribution  u  I'etude  des  Lamellibranches,"  Arch.  d.  Biologic,  xi., 
1891.     P.  Pelseneer,  **  Introducii/m  a  Vitude  des  Mollusques^**  Bnixelles,  1894. 

t  There  does  not  apj)ear  to  us  to  be  any  sufficient  reason  for  altering  this  well- 
established  name  in  favour  of  the  less  suitable,  but  perhaps  more  symmetrical 
term,  Pelecypoda  (tAckw,  an  axe). 
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may  genemlly  be  determined  by  the  fact  that  the  hingc-ligameat 
is  posterior  to  the  two  umboTiee  (nates),  which  have  the  form  of 
two  beak-like  prominences  projecting  over  the  dorsal  edge  of  the 
shell  (Fig.  250  big,  u),  and  indicate  the  point  (apex)  where  the 
development  of  the  valves  began.  The  area  (c)  is  behind  the  apex, 
and  includes  the  dorsal  posterior  side  of  the  shell.  The  part  of  the 
dorsal  edge  in  front  of  the  apex  is  usually  shorter,  and  contains, 
at  least  in  the  equivalve  species,  an  excavation,  the  lunula  (Fig. 
250  bis,  I),  by  means  of  which  the  anterior  edge  can  at  once  be 
racognized.  The  apex  in  some  forms  (Isocardia,  Diceras)  is  spirally 
twisted. 
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The  hinge-teeth  are  placed  ventral  to  the  umbo.  They  generally 
consist  of  cardinal  teeth  placed  below  the  umbo,  and  of  anterior 
lateral  teeth  in  front  of,  and  posterior  lateral  behind,  the  umbo. 
Hinge-teeth  are  entirely  absent  in  some  geuera  {e.ff.,  Anodonta, 
Oslrea). 

The  ligament  is  an  elastic  structure,  and  is  so  arranged  that  it 
is  either  stretched  or  compressed  when  the  shell  is  closed  by  the 
action  of  the  adductor  muscles.  In  the  former  case  it  connects 
the  two  valves  on  the  dorsal  side  of  the  hinge-line  (Fig.  250  bis), 
and  is  said  to  be  external^  in  the  latter  it  is  on  the  ventral  side 
of  the  hinge,  and  is  called  internal. 
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While  the  outer  surface  of  the  shell  presents  various  sculpt(u« 
markings,  the  inner  surface  is  smooth  and  Bhinea  with  the  lustre 
of  mother-of-pearl.  On  a  closer  examination  impressions  and  pits 
become  visible  on  the  inner  surface.  A  narrow  line,  the  B0^»lled 
mantle  or  pallial  line  (the  line  of  attachment  of  the  paUiai 
mtitcle  of  the  mantle-edge  to  the  shell),  is  placed  near  and 
fairly  parallel  to  the  ventral  edge  of  the  shell  (Fig.  251).  In 
the  siplioned  forma  this  presents  posteriorly  a  bend  directed 
forwards  and  upwards  [Mb) — the  paUiai  bay  or  indentation  (Stnu- 
palliatae). 

This  curve  in  the  attachment  of  the  mantle-edge  permits  of  the 

siphons  being  contained  within  the  shell  when  retracted.      Impies- 

siona    are    usually   caused    by   the    insertion    of    an    antenor   and 

posterior  adductor  muscle  which  pass  through  the  body  transversely 

from    one    side    to   the 

other,  and  are  attached 

to  the  inner  surface  of 

the  sheU  (Fig.  251). 

While  in  the  equi- 
valve  mussels  {Ortho- 
concha)  the  two  im- 
pressions are  usually 
of  equal  size,  in  the 
unequi  valve  fornis(/Vei(- 
roeonelta)  the  anterior 
adductor  may  be  re- 
duced, and  even  com- 
pletely vanish,  in  which 
case  the  posterior 
adiluctor  has  a  much  larger  size  and  shifts  forwards  to  the  middle  of 
the  shelL     Hence  the  names  Dimyaria  and  Monmnyaria. 

Chemically  tbe  shell  consists  of  carbonate  of  lime  and  an  organic 
matrix  (eotichyolin),  which  usually  has  a  laminated  texture.  In 
addition  to  this  laminated  layer  there  is  also  a  thick  external 
calcareous  layer  compose^l  of  large,  palUsade-Iike  prisms,  which  are 
placed  side  by  side  and  may  be  compared  to  the  enamel  of  teeth 
(Fig.  253).  Finally,  on  the  outer  surface  of  the  shell  there  is  a 
horny  cuticle,  the  so-called  epidermis  or  periostraetim. 

The  internal  laminated  layer  is  called  the  nacreous  or  mother-of- 
pearl  layer;  it  has  an  iridescent  lusti«,  and  is  secreted  by  the 
whole   surface   of    the   mantle.      The   middle  layer  is   called   the 
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e  secreted  only  by  the 


prismatic  layer.     It  and  the  periostmcum 
free  edge  of  the  mantle. 

The  whole  of  the  shell  is  a  cuticular  fonuation  of  the  epi- 
dermis, and  its  growth  is  effected  in  two  ways:  (1)  by  additions 
to  the  nacreous  layer  whereby  the  shell  increases  in  thickness;  (3)  by 
additions  to  the  prismatic  and  homy  layeis,  whereby  it  increases 
in  superficial  extent.  Accordingly  the  outer  coloured  part  of 
the  shell,  which  is  com- 
posed of  vertical  prisma  ^^ffPRnSV 
and  the  homy  cuticle, 
when  once  formed  does 
not  increase  in  thickness; 
while  new  concentric  layers 
are  continually  being  added 
to  the  colourless  nacreous 
layer  during  the  whole  life 
of  the  animaL  It  is  this 
nacreous  secretion  of  the 
mantle  surface  which,  when 
thrown  down  round  foreign 
objects  which  have  worked 
their  way  in  between  the 
mantle  and  the  shell,  in 
the  so-called  pearl  oysters 
{Meieagrina)  and  to  a  less 
extent  in  other  forms 
{Unio,  Margarilana),  gives 
rise  to  pearls. 

In  some  caaea  the  valrea  do  not  meet  veiitrally,  hot  alnnys  gape  {Pholndidat, 
Gastroekatnidat,  etc.).  In  exceptional  eikaeatlie  Talveaare  fiiscil  donally  (Pimm). 
The  e<lgeg  of  the  mantle  are  ToMed  haek  over  tije  ehcll  iti  the  OaiemaMidae 
aad  in  Bnlovalva.  In  some  gaping  forms  the  ]iarta  of  the  body  jvojccting 
bejond  the  shell  secrete  occeraory  piecps.  Such  pieces  may  1>e  independent 
of  the  shell,  aa  in  the  cose  of  the  dorsal  pieces  of  Pholia  (Fig.  270],  and  the 
calcareous  tube  with  which  Teredo  lines  its  burrow  (Fig.  271),  or  fused  to 
the  shell,  OB  the  calcareous  tube  uf^spcr^iKiiin  (Fig.  272). 

The  skin  consiste  of  a  slimy,  one-layered  epidermis,  beneath 
which  lies  a  highly  vascular  connective  tissue  traversed  by 
abundant  muscular  fibres.  Tlie  epidermis  on  the  outer  surface 
of  the  mantle  consists  of  columnar  cells;  while  on  the  inner  sur- 
face the  cells  composing  it  are  ciliated  (Fig,  253).  Pigments  arc 
present    principally    upon    the    edges    of    the    mantle,    which    are 
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thickened  and  frequently  folded  and  beset  with  tentacles,  papillae, 
and  eyes. 

A  head,  properly  so-called,  is  absent  in  this  class,  the  parts  of 
the  body  in  the  neighbourhood  of  the  mouth  being  devoid  of 
sense-organs.  These  are  placed  mainly  on  the  mantle  edges,  which 
are  the  parts  of  the  body  in  closest  relation  with  the  external 
medium. 

The  edges  of  the  mantle  may  be  entirely  free  from  each  other 
(those  forms  in  which  the  gill-filaments  are  not  connected  to  the 
mantle,  and  in  which  there  is  no  concrescence  of  the  mantle-lobes, 
e.y.,  NuctUa,  the  Anomiidae^  Arddae,  Trigoniidae^  Peciinidae);  or 
they  may  be  imited  to  one  another  indirectly  by  the  attachment 
of  the  branchiae,  e.^.,  Unionidae^  Ostreidae;  or  they  may  be  fused 
with  one  another  in  one,  two,  or  three  places.  When  there  is 
only  one  fusion  it  separates  off  the  opening  of  the  cloacal  or  supra- 
branchial  chamber  from  the  general  mantle-opening  {Mytilidae, 
Fig.  256,  Carditidae,  Astartidae^  Grassatellidae^  most  of  the  Luci- 
nidaCf  etc.).  When  there  are  two  fusions — as  there  are  in  Yoldia 
and  Zjeda,  and  in  most  of  the  Eulamellibranchs,  and  in  Septibranchs 
— the  one  separates  off  tlie  cloacal  opening  as  in  the  forms  with 
one  fusion,  while  the  second  is  near  the  first,  and  with  it  bounds 
an  opening  adjacent  to  the  cloacal  opening.  This  second  opening 
is  the  branchial  oj)ening;  it  leads  into  the  general  mantle-chamber 
(Cardium^  Fig.  255).  In  sucli  forms  there  is  a  third  opening — the 
2)edal  opening — in  front  of  the  second  fusion,  through  which  the  foot 
can  be  protruded.  The  size  of  the  foot-opening  is  in  inverse  pro- 
portion to  the  extent  of  the  second  fusion.  Wlien  the  second  fusion 
is  niucli  elongated,  there  may  l)e  a  fourth  opening  between  the 
pedal  and  branchial  orifices  {Solen,  LtUraria,  and  some  Anatinacea). 
In  some  cases,  at  any  rate,  this  fourth  opening  is  in  relation  to 
the  byssus,  for  in  Lyortsia  the  byssus  filaments  project  through  it. 
The  further  forwards  tlie  fusion  of  the  two  mantle-lol)es  extends, 
the  more  marked  becomes  a  peculiar  elongation  of  the  posterior 
mantle  region  round  the  inhalent  (branchial)  and  exhalent  (cloacal) 
openings  —  an  elongation  of  such  a  nature  that  two  contractile 
tubes  or  siphons  (Fig.  251)  become  formed  (especially  in  boring 
and  burrowing  bivalves).  These  may  be  so  lai^e  that  they  cannot 
be  drawn  between  the  posterior  edges  of  the  gaping  valves  of 
the  shell.  The  two  sijihons  are  often  fused  with  one  another, 
but  the  two  canals,  with  their  openings  surrounded  by  tentacles, 
remain    separate.      In   the   most   extreme    cases   the    siphons    are 
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enormously  enlarged  and  the  poeterior  region  of  the  body  is 
peculiarly  elongated  and  uncovered  by  the  rudimentary  shell;  so 
that  the  whole  animal  acquires  a  vermiform  appearance,  the  shell- 
bearing  anterior  part  of  the  body  constituting  the  head  (Teredo, 
Fig.  271). 

In  cases  in  which  there  is  no  fusion  the  hind  end  of  the  edges  of 
the  mantle  lobes  often  presents  two  slight  cont^ous  excavations 
(Anodonta,  Fig.  254),  the  ventral  of  which  is  bordered  by  numerous 
papillae.  When  the  two  halves  of  the  mantle  are  applied  together 
these  excavations  form,  with  the  corresponding  structures  of  the 
opposite  side,   two  slit-hke  openings   placed   one   above  the   other. 


rniu  pfiloniiH  (*fl«r  C.  Orobben).    A  region  of  ma 
or  exhaient  oriace;  A/mvt;  Cg  cenbnil  gmiiglioii :  D  lnl 

r  lutU :  Hk  teotljcls ;  HS  p«ter(or  id.luctoT  miucl* ;  A'  b 
' ;  £llier;  JU  stoinMli;  Mg  splmncbiiic  gingUou  ;  MS  labia 
>  uiouth :  P  pericinllil  gluul ;  Pg  jieiUI  esnglion  ;  Va  antarii 


The  dorsal  of  these  two  openings  functions  as  the  oloacal  (exlialent) 
opening,  the  ventral  as  the  branchial  (inhalent).  So  that  in  such 
cases,  though  there  is  no  actual  fusion,  functionally  two  siphons  are 
present  as  in  the  siphoned  forms. 

The  most  important  of  the  muscles  attached  to  the  shell  are 
(1)  those  of  the  edge  of  the  mantle:  these  are  attached  to  the 
pallial  line  of  the  shell,  and  serve  to  retract  the  edges  of  the  mantle; 
the  siplioual  muscles  which  serve  for  the  retraction  of  the  siphons 
are  a  specialized  portion  of  this  system,  and  arise  from  the  pallial 
indentation.     (2)  The  adductors  which  pass  from  valve  to  valve  of 
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the  shell.  Tliese  are  typically  two  ta  number  [Dimi/aria),  but  in 
some  forms  the  anterior  adductor  is  smaller  than  the  posterior 
{Mylihta),  and  may  be  absent  altogether  {Monomyarid),  as  in  Ostrea, 
Peelea,  etc.  (Fig.  252).  The  adductors  sometimes  consist  of  two 
parts  of  a  difierent  aspect :  the  fibres  of  one  of  these  parts  are  said 
to  be  transversely  striated,  and  capable  of  rapid  contraction,  those 
of  the  other  being  smooth,  but  this  has  been  denied.  (3)  The 
anterior  and  posterior  retraetore,  which  are  specialized  portions  of 
the  adductors,  serve 
for  tlie  retraction  of 
the  animal  into  the 
shell;  and  the  pro- 
traetor  which  passes 
from  its  attachment 
just  behind  the  veD- 
tral  portion  of  the 
anterior  adductor. 

The  foot,  which 
often  contains  some 
of  the  viscera  (intes- 
tine, liver,  and  gon- 
ad), is  completely 
absent  in  compara- 
tively few  forms,  and 
only  in  those  which 
have  lost  the  ]>ower 
locomotion  {Oe- 
trea,  Anomia,  Teredo, 
etc.).  In  many 
forms,  principally  in 
the  larva,  less  fre- 
quently in  the  adult 
(Mytilits,  Fig.  256),  the  foot  possesses  a  bjasOB  gland,  which  secretes 
silk-like  fibres,  by  which  a  temporary  or  permanent  attachment 
of  the  animal  is  effected.  The  form  and  size  of  the  foot  vary 
very  considerably,  in  accordance  with  jtarticular  kinds  of  locomotion. 
The  foot  is  most  frequently  used  for  creeping  iu  sand,  and  is  then 
hatchet -shaped ;  in  other  cases  it  is  spread  out  laterally,  and  it« 
creeping  surface  has  the  form  of  a  disc.  More  rarely  it  is  of  a 
large  size  and  bent,  in  which  case  it  is  used  for  springing  movements 
in  the  water  {Carditim,  Pig.  255).     Some  Lamellibranche  possess  a 
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linear  club-shaped  or  cylindrical  foot  (Solen,  Solerwmyd),  and  move 
by  rapidly  retracting  it  and  ejectii^  water  through  the  siphona. 
Many  use  the  foot  for  burying  themselves  in  mud ;  others  bore  into 
wood  (Teredo),  or  hard  rock  {Photan,  Litkodomue,  Saxieava,  etc.), 
for  which  purpose 
they  push  them- 
selves against  the 
rock  with  their 
short  blunt  foot, 
and  use  the  hard 
and  oft«n  serrated 
edge  of  their  shell 
ns  a  grater,  giving 
it  a  rotatory  move- 
ment. According  to 
Hancock,  the  foot 
and  edge  of  the 
mantle  at  the  an- 
terior edge  of  the  gaping  shell  arc  ]>eset  with  eilicious  crystals,  and 
effect  the  excavation  of  the  rock  after  the  n 


The  protradjon  of  the  foot  is  dus  to  ita  turgeicence  by  blood ;  its  retraction 
to  the  retractor  iimscles.  An  aquiferous  pore  by  which  the  vascular  Bjatcm 
oomiuunicates  with  the  exterior  does  not  exist. 

The  byssiiB-gland  opens  bj  a  |>orD  in  the  middle  line  of  tlie  foot.  It  is 
weli^]evelo{>«d  in  tho  adult  in  Aitouiia,  Area,  Mytilut,  Avieula,  Fatal, 
Snxicara,  Lyonain,  TridiKna,  Dreiaattia,  etc.  In  AmnBiti  the  byssus  passes 
through  a  hole  in  the  right  valve,  and  is  calcified. 

The  nervooB  eystem  presents  three  pairs  of  ganglia,  the  cerebral 
(supra-oesophageal),  pedal  (sub-oesophageal),  and  visceral  ganglia 
(Fig.  257).  Ill  Nucula  (Pig.  258)  there  is,  in  addition,  close  to 
the  cerebral  a  pair  of  pleural  ganglia;  these  are  connected  with 
the  pedal  by  a  pleuro-pedal  connective  which,  however,  joins  the 
cerebro-pednl  connective  before  it  reaches  the  pedal.  In  Sulertomya, 
in  which  there  is  also  a  pleural  ganglion,  tho  plcuro-pedal  con- 
nective is  fused  with  the  cerebro-pedal  throughout  almost  its  whole 
extent.  In  all  other  Lamellibninchs  a  pleural  ganglion  is  not 
present  as  a  distinct  ganglion,  but  is  in  all  probability  fused  with 
the  cerebral,  which  must,  therefore,  be  regai'ded  as  a  cerebi'o-pleural 
ganglion.  The  visceral  ganglia  are  on  the  hinder  juirt  of  the 
visceral  loop ;  they  are  usually  placed  on  the  ventral  side  of  the 
posterior  adductor  muscle. 
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Since  there  U  never  a  distinct  liead  sod  Beose-organB  are  not  preaeat  upon 
tlie  anterior  part  of  the  body,  tlie  cerebral  ganglia  are  Init  alightly  doreloped 
Tbej  supply  tiiainly  the  regions  round  tba  moutii  and  the  anterior  part  of 
the  mantle,  to  the  raargins  of  which  two  large  nervca  pus.  They  also  send 
fibi-ea  along  the  ccrebro-pedal  connective  to  the  otocysta.  The  two  ganglis 
are  frequently  {Unio)  far  removed  from  one  another  laterally,  aud  are  some- 
ynies  approximated  to  the  anteriorly 
placed  pedal  ganglia  IPtcitn),  the  nerves 
of  which  supply  the  ventral  region  of 
the  body.  TJie  peda!  ganglia  are  reduced 
when  the  foot  is  atrophied. 

The   visceral    gangliB   innervate    the 
viscera,   the  gills,   the  heart,   and   the 
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posterior  part  of  the  mantle.  The  iienea  sup))iying  the  latter  are  two  large 
trunks  vhlch  run  in  the  edge  of  the  mantle,  aud  anastomose  nith  the  mautla 
nerves  from  the  cerebral  ganglia.  Large  nerves  aleo  pass  from  the  visceral 
ganglia  to  the  siphons,  nt  the  I'ose  of  which  they  fonu  a  pair  of  aceeaiory 
ganglia. 
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SeilM  organs.  Auditory,  visual,  tactile,  and  probably  olfactory 
organs  are  present.  The  avditori/  (rrgan*  have  the  form  of  paired 
otocyeta  placed  in  the  foot.  They  are  apparently  innervated  from 
the  pedal  ganglia,  or  from  tbe  cerebro-pedal  connective  close  to  the 
pedal  ganglion,  but  the  nerve  fibrea  really  arise  in  the  cerebral  ganglia. 
They  contain  one  or  more  otoliths,  and  are  lined  by  liair-cells  and  by 
ciliated  cells.  In  the  iVoto6ra?icAtaia  (Fig.  258)  they  open  to  the 
exterior  by  a.  fine  canal,  and  contain  foreign  bodies  (fine  grains  of 
sand). 

Eyes,  when  present,  are  placed  on  the  edge  of  the  mantle :  they 
may  either  be  simple  pigment  spots  at  the  end  of  the  respiratory 
tube  (Solen,  Venm),  or  they  may  be  more  highly  developed  and 
placed  along  the  edges  of  the  mantle  in  Area,  Peettmeulua,  Tdlina, 
and  especially  in  Peeten  and  Spondylws.      In  the  two  latter  genera 
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they  are  placed  on  stalks  between  the  tuai^nal  tentacles,  and  have 
iin  emerald-green  or  brown-red  colour :  they  consist  (Fig.  260)  of  an 
eye-bulb  with  a  corneal  lens,  choroid,  iris,  and  a  well-developed  layer 
of  rods,  into  the  external  ends  of  which  the  optic  nerve  (from  the 
circumpallial  nerve)  passes.  The  ten^  of  touch  is  specially  localized 
on  the  exposed  parts  of  the  body,  i.e.  on  the  edges  of  the  mantle 
and  round  the  openings  of  the  siphons.  In  these  regions  there  are 
very  generally  present  papillae,  cirri,  or  even  tentacles  (Fig.  259). 

The  olfactory  iiente  is  supposed  to  reside  in  the  so-called  osplira- 
dinm,  which  is  a  pigmented  patch  of  epithelium  placed  one  on  each 
side  close  behind  the  gills  (in  the  roof  of  the  sitpra-bninchial  cbaraber 
near  the  visceral  ganglia);  it  is  innervated  from  a  small  ganglion 
placed  close  to  the  visceral  on  the  visceral  commissure,  in  which  its 
nerve-fibres  run  from  their  origin  in  the  cerebral  ganglion. 
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H&nj  bivalves,  eapeciallj  littoral  fonus,  are  highly  wnsitjre  to  light.  Thil 
is  due  to  the  presence  of  pigmented  cells  with  a  refractile  cuticle  on  the  fcdge  of 
the  mantle  ;  these  may  be  a^rcgated,  as  iu  Area,  into  groups,  and  ao  assume 
the  form  of  a  compound  eye.     In  Area  some  of  the  eyes  have  the  form  of  pita 
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of  the  tkin,  while  in  others  the  sonaitive  suiface  is  convci  towards  the  light, 
and  the  eye  forms  a  flight  projection  on  the  surface  :  the  latter  are  on  the  type 
of  compound  eyes.  In  Peclen  and  Spimdylui  the  eym  are  much  more  complex 
(Fig.  260).    They  are  pkced  at  the  end  of  short  tentacles  at  the  edge  of  the 
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mantle,  and  the  sensitive  surface  is  concave ;  the  light  being  refracted  on  to  it 
by  a  cellular  lens.  Further,  these  eyes  are  constructed  on  the  so-called  verte- 
brate type,  the  optic  nerve  entering  the  retina  on  the  side  turned  towaitls  the 
light  and  running  back  to  the  rods,  which  are  on  the  inner  side  of  the  retina. 

Alimentary  canaL     The  mouth  is  at  the  front  end  of  the  body, 
and  ventral  to  the  anterior  adductor  when  that  is  present.     It  is 
placed  on  the  median  bridge,  which  connects  the  two  labial  palps 
(Fig.  263).     These  latter  structures  are  extensions,  so  to  speak,  of 
the  margins  of  the  mouth.     They  are  usually  bilobed  at  the  end 
remote  from  the  mouth,  and  marked  by  a  median  groove  running 
from  the  cleft  between  the  peripheral  lobes  to  the  mouth.     Their 
surface  on  each  side  of  the  median  groove  is  marked  by  transversely 
directed  grooves  leading  into  the  median  groove.     The  whole  sur- 
face  is  richly  ciliated,  and   they  are  to  be  looked  upon  as  food- 
procuring    organs    which    create    currents    of    water,    carrying    the 
floating  particles  of  which  the  food  of  these  animals  consists  to  the 
mouth.     Jaws  and  tongue  are  always  absent.     The  mouth  leads  by 
a  short  oesophagus  into  the  stomach,  at  the  pyloric  end  of  which 
there  is  sometimes  a  blind  sac.     A  rod-like  transparent  structure 
{crystalline   style)    is    often    present    in    this    diverticulum   of    the 
stomach,    or   in   the   alimentary  canal   itself.      The  significance   of 
this  structure  is  doubtful,  but  it  is  a  secretion  of  the  alimentary' 
epithelium,  and  is  probably  to  be  regarded  as  a  reserve  of  nutri- 
ment, for  it  is  periodically  renewed.     The  liver  or  hepato-pancreas 
surrounds  the  stomach,  and  opens  into  it  by  a  duct  on  either  side ;  it 
also  extends  into  the  foot.     The  intestine  is  of  considerable  length, 
is  much  coiled,  and  is   surrounded  by  the   liver  and  gonads;    it 
project*  into  the  foot,  and  then  ascends  again  behind  the  stomach 
to  the  dorsal  surface,  where  it  enters  the  pericardium  and  passea 
through  the  ventricle.     After  leaving  the  ventricle  it  passes  dorsal 
to  the  posterior  adductor  muscle  to  open  at  the  end  of  a  short 
papilla  into  the  cloacal  chamber. 

Vascular  System.  The  heart,  which  is  contained  in  the  pericar- 
dium and  lies  in  the  dorsal  region  slightly  in  front  of  the  posterior 
adductor,  consists  of  a  median  ventricle  and  two  lateral  symmetri- 
cally placed  auricles.  The  ventricle  is  continued  as  an  anterior 
aorta  dorsal  to  the  intestine,  and  a  posterior  aorta  ventral  to  it. 
The  ramifications  of  the  aortae  lead  the  blood  into  a  complicated 
system  of  lacunae  in  the  mantle  and  in  the  interspaces  between 
the  viscera.  These  represent  the  capillaries  and  finer  venous  vessels. 
From  them   the  blood  passes  into  the   large  venous  sinuses,  the 


chief  of  which  are  two  lateral  sinuses  placed  at  the  bases  of  the 
gills  and  a  pedal  sinus  leading  into  the  large  median  sinus  or 
vena  cava  in  the  floor  of  the  pericardium.  Tlie  course  of  the 
circiiliitioii,  though  it  cannot  be  certainly  determined,  seems  to  lie 
somewhat  as  foUoiva :  the  blood  from  the  mantle,  which  acta  aa 
a  reajiiratory  organ,  returns  directly  to  the  heart;  of  the  rest  of 
the  nystemic  blood,  part  is  supposed  to  go  direct  to  the  gills,  and 
thence  to  the  auricles;  the  bulk  of  it,  however,  is  probably  collected 
into  the  vena  cava,  whence  it  passes  through  blood  spaces  in  the 
adjacent  kidneys  to  the  gills,  and 
thence  to  the  heart.  There  is  a  valve 
at  the  junction  of  the  main  pedal 
sinus  with  the  veua  cava,  which  closes 
during  the  turgescence  of  the  foot 

The  blood  is  gener&lly  colourless,  thongb 
in  some  rormt  it  liu  a  bluish  tint  owing 
to  the  presence  of  haemocyaniu.  It  conttina 
amoeboid  culla,  and  in  SoU»  legunun  and 
Jrca  none  dtBCoidil  corpuscle*  charged  iritii 
haemoftlobin,  which  gives  the  blood  a  rei) 
colour. 

The  relation  of  the  ventricle  to  the  rectnni 
varies  iu  different  forms.  As  a  rule  the 
rectum  perforates  the  ventricle,  bat  it  piuaei 
dorsal  to  it  in  Area,  Jfticula,  and  Anomiii, 
ventral  to  it  iu  Teredo  and  most  species  of 
(Mrta,  and  boa  a  tendency  to  the  latter 
arrangement  in  Pinna,  Pema,  and  Aviatla. 

The  vascular  system  does  not  comniunicsle 
either  with  the  exterior  or  witli  the  peri- 
cardium. 

In  Ana  (Fig.  291}  there  are  two  ven- 
tricles, and  each  gives  off  a  single  artery, 
which  divides  at  once  into  an  anterior  and 
{Ktaterior  vessel ;  the  two  anterior  arteriu 
fuse  to  form  a  single  anterior  aorta,  and 
tlie    two    posterior   unite    into   ■    posterior 

In  Odrtidat  (Fig.  S62)  the  auricles  have  partly  coalesced,  though  their  enter 
]tortions  liave  remained  distinct. 

Organs  of  lespiration.  Tlie  I,amellibTanchs  possess  two  ctenidia 
attached  to  tlie  ventral  surface  of  the  body,  one  on  either  side  of  the 
foot.  In  the  simplest  cases  {Pmlobranthiata)  the  ctenidium  has  the 
typical  Mulluscau  form  (Fig^.  263,  264  A);  that  is  to  say,  it  consists 
of  a  vascular  axis  bearing  two  rows  of  hollow  lamellate  processes  or 
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filaments.  The  axis  projecta  freely  posteriorly,  sni  the  filamente  are 
directed  transversely  in  Sitada  and  Leda,  while  tn  StAenomya  one  ia 
directed  dorsally  and  the  other  ventrally.     In  the  Ftliiranekiata  the 
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brauchial  processes  of  the  ctenidial  axis  have  the  form  of  filaments 
{Fig.  264  B),  which  project  ventrally  into  the  mantle  cavity ;  more- 
over, they  are  bent  upon  themselves  in  such  a  manner  that  the  reflected 
portion,  or  ascending  limb,  is  external  in  the  case  of  the  filamente^of 
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the  outer  row,  and  internal  in  the  case  of  the  inner  filaments, 
adjacent  filaments  of  the  same  row,  both  in  their  descending 
ascending  limbs,  are  held  together  by  the  inter- 
locking  of  some  eepecially  long  cilia  (Fig.  266,  ej) ; 
and  the  ascending  and  descending  limbs  of  the 
same  filament  are  in  some  cases  united  by  fusion 
of     tissue     at 
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mantle,  or  may 
be  tree  (Fig. 
264  B,  C),  and 
similarly  the 
ends  of  the  as- 
cending limbs 
of  the  inner 
fllitments    may 

those  behind 
the  foot  may 
be  united  with 
their  fellows  a- 
cross  the  middle 
line,  thus  forming  a  septum,  which  cuts  ofT  a  supra- 
branchial  chamber  from  the  general  mantle  cavity. 

In  all  the  Eidaniellibranekiata  and  in  a  few  of 
the  Pseudolamellibranchs  {(htreidae,  Lima,  Pinna,     ^"  *"  •"''•  "'  **' 
etc.),  the  neighbouring  filaments  of  the  same  row, 
in  liotli  their  limbs,  are  united  itt  certain  points  by  interfilamentat 
vascular  concrescences  (Fig.  1367).     Tlic  filamentous  character  is  still 
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obvious,  but  both  the  descending  aad  nscending  limbs  of  adjacent 
filamente  are  connected  ao  as  to  form  a  kind  of  trellis-like  mem- 
brane, the  ascending  limbs  into  one  membrane  and  the  descending 
limbs  into  anotbei.  Between  the  porous  membranes  so  formed 
is  contained  a  space,  which  communicates  with  the  general  mantle- 
chamber  by  the 
pone  left  be- 
tween the  fila- 
ments where  the 
latter  have  not 
undergone  these 
interfilamentai 


In    this    way 
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elli- 
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tion,  in  which 
there  appear  to 
be  on  each  side 
two  gills,  each 
composed  of  two  ? 
lamellae,  Is  ar- 
rived at.  A  very 
similar  condition 
is  presented  by 
the  Filibranchs 
and  some  Fseudo- 
lamellibranchs, 
the  difference 
being  that  in 
these  groups  the 
lamellae  of  the 
gill  break  up  at 
the  slightest 
touch  into  their 
constituent  fila- 
ments, because  the  filaments  are  only  held  together  by  the  inter- 
locking of  cilia ;  whereas  in  the  former  the  lamellae  are  coherent, 
because  the  filaments  (which  arc  still  perfectly  obvious)  are  held 
together  by  continuity  of  tissue.  Further,  in  the  Eulamellibranchs 
the  outer  lamella  of  the  outer  gill  has  undergone  concrescence  with 
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the  mantle  (Fig.  264),  and  the  inner  lamella  of  the  inner  gill  with 
its  fellow  across  the  middle  line  l)ehind  the  foot.  In  this  way  a 
septum  is  fonned  which  divides  the  mantle  cavity  into  a  dorsal  part 
— the  sui)ral)ranchial  cavity,  and  a  ventral — the  general  mantle  cavity. 
These  two  cavities  communicate  hy  the  jwres  in  the  gill  lamellae,  and 
in  many  forms  along  the  sides  of  the  foot  where  the  inner  lamella 
of  the  inner  gill  may  end  freely,  not  having  undergone  concrescence 
with  the  foot.  In  some  forms  the  inner  lamella  of  the  inner 
gill  is  joined  to  the  base  of  the  foot  in  front,  but  not  l)ehind 
The  part  of  the  suprabranchial  cavity  within  the  gill  lamellae  is 
broken  up  by  vascular  strands  which  connect  the  lamellae,  and 
which  result  from  the  interlamellar  concrescences  already  referred 
to.  In  the  siphoned  fonns  the  median  septum  resulting  froui 
the  fusion  of  the  inner  lamellae  of  the  inner  gills  across  the 
middle  line  is  continued  into  the  siphon,  and  causes  the  division 
of  that  tube  into  a  dorsal  or  exhalent  channel,  which  communicates 
with  the  suprabranchial  chamber,  and  a  ventral  or  inhalent  which 
communicates  with  the  general  mantle-cavity. 

In  the  SepHhranchicUa  (Fig.  264  D)  the  gills  are  represented  by 
a  muscular  septum  which  is  perforated  by  a  certain  number  of  pores, 
and  which,  being  fused  with  the  mantle  and  foot  and  being  con- 
tinuous across  the  middle  line  behind  the  foot,  completely  divides 
the  mantle-cavity  into  a  dorsal  and  ventral  part. 

The  filaments  of  the  gills  are  always  clothed  with  an  epithelium, 
which  is  in  part  at  any  rate  ciliated.  The  cilia  are  specially  long  on 
the  so-called  latero-frontal  cells  (Fig.  265),  and  in  the  Filibranchs  and 
Pseudo-lamellibranchs  on  the  ciliated  discs  of  the  ciliary  junctions. 
The  filaments  are  moreover  stiffened  by  a  dense  chitin-like  connective 
tissue,  which  in  the  Filibranchs  forms  a  tube  (Fig.  265)  lying  just 
beneath  the  epithelium  and  surrounding  the  central  blood  space 
(which  is  often  divided  by  a  septum) ;  and  in  the  Eulamellibranclis, 
on  the  other  hand,  this  chitinous  supporting  substance  has  the  form 
of  two  stout  rods  lying  side  by  side  in  the  filament  part  of  the  gill 
(Fig.  267  (7),  the  vascular  tissue  l^eing  mainly  contained  in  the 
internal  outgrowths  of  the  filaments,  which  have  brought  about 
the  interfilamentous  and  interlamellar  concrescences  (Fig.  267,  (?/, 
t7,  lac,  and  ol). 

Amongst  the  Eulamellibranclis  we  find  some  peculiar  modifications  of  the 
outer  gill.  In  Tellina  it  is  directed  dorsal ly  ;  in  the  Aiuitiiutcea  it  is  directed 
dorsally  and  the  outer  lamella  is  absent ;  in  Lncina  it  is  absent  altogether. 

In  Pseudolaniellibranchs  and  some  Eulamellibranclis  the  gills  are  folded  along 
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dorso-ventral  lines,  each  fold  iucludiog  a  certain  number  of  filaments.  The 
filament  at  the  re-entering  angle  of  each  fold  is  stronficer  than  the  others. 

Snnuiiarj  and  additional  details  of  gill-itmctnre.  The  successive  filaments 
of  the  same  row  are  united  (a)  by  the  cilia  of  the  lateral  cells  (Niieulidae, 
Scltjumvyidaey  Anomiidat) ;  (6)  by  the  cilia  of  the  ciliated  disks  of  the  ciliary 
junctions  {Arcidae,  TriffonHdaCf  Mytilidae^  Avicula,  Peden,  and  MeUagrina) ; 
by  vascular  interfilamentar  concrescences  {Lima,  Ostrea,  Pinna,  and  all  Eula- 
mellibranchs).  Interlamellar  concrescences^  i,e.  fusions  betv^-een  the  ascending 
and  descending  limbs  of  the  same  filament,  or  between  the  lamellae  of  the  same 
gill,  are  absent  in  Anomiidae,  Arcidae,  Trigoniidae  ;  they  are  present  in  a  non- 
vascular form  {i,e.  consist  only  of  epithelium  and  connective  tissue)  in  Mytilidae, 
PedinicUu,  and  in  a  vascular  form  in  Pseudolamellibranchs  except  Pectinidae, 
and  in  Eulamellibranchs.  Finally  there  are  forms  like  Lima  with  nou- vascular 
interlamellar  concrescences  and  vascular  interfilamentar  junctions. 

Concrescence  of  the  gills  with  the  mantle  and  with  those  of  the  opposite  side, 
is  absent  in  Nitculidae,  SoUnotnyidae,  Arcidae,  Trigoniidae,  Pedinida^.  In 
Anomia  there  is  concrescence  between  the  two  branchiae,  but  none  >vith  the 
mantle.  In  all  other  Lamellibranchs  they  are  fused  to  the  mantle  by  the 
ascending  limb  of  the  outer  filaments,  and  to  their  fellows  across  the  middle 
line  by  the  ascending  limb  of  their  inner  filaments  behind  the  foot. 

Excretory  ssrstem  and  pericardimn.  The  pericardium  is  a  dorsal 
median  chamber  enclosing  the  heart  (except  in  Anomia),  There  are 
two  nephridia — the  so-called  Organs  of  Bojanus,  These  usually  have 
the  fonn  of  twisted  tubes,  more  or  less  dilated  in  certain  parts,  and 
opening  at  one  end  into  the  pericardium  and  at  the  other  to  the 
exterior  on  the  ventral  surface  of  the  body  on  each  side  of  the  foot. 
The  part  of  the  tube  which  opens  into  the  pericardium  is  generally 
hned  with  yellow  or  dark-coloured  glandular  tissue,  which  secretes 
concrements  containing  calcareous  matter,  uric  acid,  and  guanin.  The 
kidneys  of  the  two  sides  communicate  in  some  forms.  In  Ostrea  the 
glandular  part  of  the  kidneys  is  a  branched  gland  ramifying  on  the 
surface  of  the  visceral  mass. 

The  i>ericardial  glands  are  difi'ercntiations  of  the  epithelial  lining 
of  the  pericaKlium.  They  may  be  placed  on  the  auricles,  to  which 
they  impart  a  yellow  colour,  or  near  the  auricles  at  the  anterior  end 
of  the  pericardium. 

(Generative  organs.  Tlie  sexes  are,  with  a  few  exceptions  (some 
species  of  Peden,  Ostrea,  Cardium,  and  the  genera  Cyclas,  Pisidium, 
Porcmyay  Entovalva),  separate,  and  except  in  some  species  of  U7ito 
do  not  present  external  differences.  The  generative  glands  lie 
amongst  the  viscera,  and  have  the  form  of  lobed  or  racemose  glands, 
which  are  placed  near  the  liver,  surround  the  windings  of  the 
intestine,  and  extend  into  the  base  of  the  foot,  and  in  some  forms 
into  the  mantle  lobes  (Mytilus).     The  testis  and  ovary  can  often  be 
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distinguished  from  one  another  by  their  colour ;  the  ovary  being  red, 
and  the  testis  milk  white  or  yellow.  In  the  Protobranchs  the 
generative  glands  open  into  the  kidney  near  the  pericardial  opening ; 
in  the  Anomiidae  and  Pectinidae  also  into  the  kidney,  but  nearer 
the  external  opening.  In  Ostrea,  CyclaSy  and  some  Lucinidae 
they  open  with  the  renal  duct  by  a  common  opening.  As  a  rule, 
however,  the  two  organs  (renal  and  genital)  open  separately, 
but  close  together,  on  the  external  side  of  the  visceral  commissure 
(Fig.  257). 

In  the  hermaphrodite  forms  the  whole  gland  may  be  herma- 
phrodite even  to  the  ultimate  acini,  which  produce  ova  and 
spermatozoa  simultaneously  or  alternately  {(Mrea  edvlia  and  plicaia) ; 
or  the  male  and  female  follicles  may  be  separate,  and  open  together 
by  a  common  duct  (species  of  Pecten  and  Cyclas),  or  by  separate 
ducts  leading  to  separate  openings  (Poromya,  Anatinacea),  Herma- 
phrodite individuals  are  sometimes  met  with  in  the  fresh-water 
mussels — Unto  and  Aiiodonta. 

Development.  The  fertilization  of  the  eggs  is  sometimes  effected  in  the 
branchial  cavity,  and  the  first  part  of  the  development  often  takes  place  in 
the  mantle  cavity,  or  between  the  lamellae  of  the  inner  (Cyclas)  or  outer  gill 
(Unio,  Anodonta)  as  in  a  brood-pouch;  sometimes  it  takes  place  outside  the 
mother  {Pecten^  dioecious  OstreaCy  Alytiliis,  in  all  of  which  artificial  fertilization 
is  possible).  In  Ostrea  edulis  it  is  effected  in  the  oviduct.  The  egg  is  surrounded 
by  a  vitelline  membrane  with  a  micropylar  aperture  at  one  point. 

The  segmentation  is  unequal  (Fig.  268),  the  formative  pole  being  opposite  to 
the  micropyle.  The  gastnila  is  generally  formed  by  epibole,  rarely  by  invagina- 
tion. The  blastopore  sometimes  remains  open,  e.g,  Ostrea,  or  closes,  e  g,  CyclM, 
Teredo  J  but  the  mouth  is  formed  almost  immediately  by  an  ectodermal  invagina- 
tion at  the  same  jwint.  The  stomach,  liver,  and  intestine  are  formed  from  the 
endoderm,  and  the  proctodaeum  is  established  later  as  an  ectodermal  invagination 
after  the  shell  has  been  formed. 

The  embryo,  which  is  partially  ciliated  and  often  rotates  within  the  egg- 
membranes,  soon  acquires  a  preoral  ring  of  cilia  and  a  shell-gland  (Fig.  268). 
The  latter  is  on  the  side  opposite  to  the  blastopore,  and  gives  rise  to  a  pellicle 
which  is  calcified  from  two  symmetrical  points,  thus  forming  the  rudiments  of 
the  two  valves  (Fig.  268  c).  The  cuticular  shell  remains  uncalcified  in  the  middle 
dorsal  line,  where  it  gives  rise  to  the  ligament  An  ectodermal  invagination, 
giving  rise  to  the  byssus  gland,  is  almost  always  formed  at  the  hind  end  of  the 
foot,  even  in  forms  which  are  without  a  byssus  in  the  adult  The  anterior  ad- 
ductor appears  before  the  posterior.  Among  the  provisional  arrangements  the 
velum,  as  the  preoral  ciliated  ring  is  called,  is  very  generally  present,  and  in 
the  free-swimming  larvae  has  the  form  of  a  large  ciliated  ring  or  collar ;  a  pair 
of  larval  eyes  provided  with  a  lens  may  also  exist  within  the  velar  area. 

The  gills  appear  as  filaments,  one  by  one  from  behind  forwards  in  the  posterior 
IMirt  of  the  larva  between  the  mantle  and  the  visceral  mass.  A  pair  of  larval 
kidneys  has  been  observed  in  some  groups  (Fig.  268  d^  N).    They  consist  of  an 
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iDtemal  part,  liBTiDg  the  fonn  ot  a  ciliated  canal,  and  of  a  nuperficisl  port  which 
opens  citernally  on  the  posterior  and  ventral  ride  of  the  cephalic  region  {Cyclal, 
Teredo). 

The  derelopment  of  the  fresh-water  forms  (Cycla$,  Unio,  Aimdonta),  in  which 
the  eggs  and  emhrjos  are  conlsined  in  well  protected  brood -itouchea,  may  be 
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called  direct.     Tlio  marine  Laniellihranchs  on  the  other  hand  arc  set  free  at  an 
early  stage  and  awim  about  for  a  long  time  sa  larvae  with  large  iimbrella-Iike 
vela,  from  which  the  labia!  palpe  are  developed. 
The  UnUmidae  have  a  soraenhat  complicated  development.*    The  eggs  are 
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kid  in  Ipring  or  sammer,  bihI  paxa  into  the  space  betvcen  the  Uin«W—  of  Ibt 
iDDCT  gill,  and  thence  into  that  between  the  lamenae  ol  the  ootar  gill  at  tht 
posterior  end  of  the  gill,  where  thoe  spaces  commimicate.  In  tliia  span  tbej 
temstn  tu  in  a  brood-poach,  and  undergo  the  tint  stages  of  their  derelopaimt. 
These  take  two  months.  Thejr  then  cease  to  <leTelop,  and  pass  the  srinter  in  the 
brood-ponch.  In  the  following  spring  thcj  pass  ont  b;  the  eihajent  orifioe 
nnHer  the  larval  fonii,kno*-n  as  OlocAidiuat  (Fig.  96S).  This  poneaaca  a  biTaiTt 
shell  with  hooka  in  the  middle  of  the  Tentrsl  edge  of  the  lalTea,  a  aingls 
adductor  (the  anterior),  and  a  bjssoa  thread  which  appears  to  arise  jntf  behind 
the  adductor.  They  awiai  hj  snapping  their  Tilres,  and  attach  themselna  to 
the  akin  (gills  or  tin)  of  a  fish,  in  which  the;  become  embedded.  Hen  tbfj 
remain  as  parasites  from  two  to  Gre  week*,  and  nndeigo  further  darelopaicnt ; 
hot  thej  are  not  FQlly  formed  for  some  time  after  leartng  their  host.  Tbe  gills 
grow,  and  the  external  lamina  is  not  developed  till  the  third  jeai.  Sexual 
maturitj  is  not  attained  till  the  fifth  jear,  and  growth  continues  later. 


is  Olocbiaiuip  or  Aitaloiiia  (mm  PelMuerr  aner  Scfaierbolut. 
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The  Lamellibmiichs  ara  all  aquatic  animals,  for  the  moet  part 
marine,  Imt  a  few  are  fresL-wnter.  They  feed  on  microscopic, 
mainly  vegetable  organisms  (Diatoms,  etc.),  which  float  in  the  water, 
and  are  conveyed  to  them  by  currents  set  up  by  the  cilia  of  the 
mantlti-cliamber.  The  Scptibranchs  alone  are  carnivorous.  A  great 
many  forms  live  partly  or  wholly  embedded  in  sand  or  mud,  procuring 
food  and  water  and  getting  nil  of  waste  by  their  siphons  which 
project  at  the  surface.  JIany  are  sedentary,  being  attached  to 
foreign  objects  liy  their  byssus,  or  by  one  of  the  valves  of  their 
shell  {Oatrea,  f^ponrlylus).  Some  are  borera  into  wood  {Teredo)  or 
into  stone  (Lifhoilomm,  Pholat,  Clavagella).  Some  build  nests  by 
means  of  their  byssus  {Lima) ;  while  some  are  commensals — Modio- 
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laria  marmorata  in  the  test  of  Ascidians;  Vulsella  in  sponges; 
Mcniacuta  on  Spatangids ;  ErUovcdva  is  parasitic  in  the  oesophagus  of 
StffUipUk  Some  species  are  very  active,  leaping  by  aid  of  their  foot 
{Cardiumy  Tdlina^  etc.);  some  are  crawlers  (CydaSf  Lasaea),  and  some 
swimmers,  by  flapping  the  valves  of  their  shells  (Pecten,  Lima). 

The  LaineUibranchs  are  found  in  all  parts  of  the  world  to  the 
number  of  more  than  5000  species.  They  have  been  found  to  a 
depth  of  2900  fathoms.  They  have  a  wide  distribution  in  the 
earlier  periods  of  the  earth's  history,  being  known  since  the  Silurian. 
Their  fossil  shells  are  most  excellently  preserved,  and  they  are  of  the 
greatest  importance  as  characteristic  fossils  for  the  determination  of 
the  age  of  formations. 

Order  1.     Protobranchiata. 

The  ffiXl-filaiiienU  are  plate-like  and  tiot  reflected^  and  the  mantle-cavity  is  not 
divided  into  two  parts. 

The  mantle  has  an  hypo-branchial  gland  external  to  each  gill ;  the  foot  has  a 
ventral  plantar  surface,  and  the  byssus  gland  is  but  slightly  developed.  The 
nervous  system  has  a  distinct  pleural  ganglion ;  the  otocysts  are  connected  with 
the  surface  by  a  tube.  The  sexes  are  separate,  and  the  genital  glands  open  into 
the  inner  end  of  the  kidney-tube. 

Fam.  1.  Hneulidae.  Palps  large,  with  posterior  appendage  (Fig.  263). 
Nueula  Lam.,  heart  dorsal  to  rectum;  Leda  Schumacher,  heart  travei-sed  by 
rectum,  mantle  with  two  siphons;  Yoldva  Moll. 

Fam.  2.  Solenomyidae.  The  palp«i  are  not  bilobed ;  in  each  gill  one  row 
of  filaments  is  directed  dorsally,  the  other  ventral ly.  Mantle  lobes  fused, 
having  a  single  posterior  0])ening,  and  one  anteriorly  for  the  foot.  Solenomya 
Lam. 

Order  2.     Filibranchiata. 

The  gill-Jilaments  are  rcflededy  and  united  by  ciliary  junctions.  The  foot 
usually  with  a  well-developed  byssus  apparatus, 

Sub-order  1.     ANOMIACSA. 

Asymmetrical;  posterior  adductor  large ;  heart  dorsal  to  rectum,  and  causing 
projection  into  mantle-cavity;  the  reflected  limbs  of  the  inner  filaments  are 
fused  across  the  middle  line  with  their  fellows;  genital  glands  open  into  kidney, 
and  that  of  right  side  extends  into  mantle. 

Fam.  1.  Anoxniidae.  Anonnia  L.,  byssus  calcified,  passing  through  a  hole  in 
the  right  valve.     Placuna  Brugui^re. 

Sub-order  2.     ABCACSA. 

Symmetrical ;  mantle  open ;  both  adductors  well  developed ;  gills  without 
interlamellar  junctions ;  renal  and  generative  openings  separate. 

Fam.  2.    Arcidae.    Edges  of  mantle  with  comjwund  i^illial  eyes.    Pectunculus 
Lam.,  Limoj)sis  Sassi ;  Area  L.,  heart  dorsal  to  rectum  (Fig.  261). 
Fam.  3.    Trigoniidae.     Trigonia  Bruguiere. 
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Sub-order  3.     XTTILACEA. 

Symmetrical ;  mantle-lobes  fused  posteriorly ;  anterior  adductor  smaller  tban 
posterior;  a  single  aorta;  gill -filaments  with  interlamellar  junctions;  genital 
glands  extending  into  the  mantle,  and  opening  by  the  side  of  the  kidney 
openings. 

Fam.  4.  Mytilidae.  Mussels.  Attached  by  the  byssus  fibres  of  the  tongue- 
shaped  foot.  Mytilus  L. ;  M.  edulis  L.  (Fig.  256),  edible  mussel  of  North  Sea 
and  Baltic ;  ModiolaHa  Lov^n ;  Modiola  Lam. ;  LiUiodomus  Cuv. ;  L,  dactylut 
Sow. ,  Mediterranean  (Temple  of  Serapis  at  Pozzuoli). 

Order  3.     Psbudolambllibranchiata. 

Mantle  aUirely  0})en;  gills  folded  and  filament  cU  reentrant  angle  of  fold 
modified;  interfilamenttir  junctions  effected  by  ciliated  discs  or  vascular  con- 
crescence. 

Foot  feebly  developed ;  anterior  adductor  usually  absent ;  the  auricles 
comnmnieate  \^'ith  one  another ;  the  branchial  filaments  have  interlamellar 
concrescences ;  genital  glands  open  into  or  near  the  kidneys. 

Fam.  1.  Avioulidae.  Byssus-apparatus  well  developed;  shell  usually  un- 
equivalve,  dorsal  margin  straight  and  often  long ;  ascending  limbs  of  outer 
gill-filaments  fused  to  mantle.  Aviaila  Klein  (Fig.  252) ;  Pinna  L. ;  Pema 
Bruguiere;  Meleagrina  Lam.;  M.  margaritiferalt.,  pearl-oysters,  Indian  Ocean, 
Persian  Gulf,  and  Gulf  of  Mexico ;  Malleus  Lam. :  Vulsella  Lam. 

FauL  2.  Ottreidae.  Byssus  absent ;  fixed  by  shell ;  outer  gill-filaments  fused 
to  mantle ;  shell  unequi valve,  fixed  by  left  valve.  Ostrea  L.  Oysters.  Shell  valves 
unequal,  laminated,  with  weak  hinge  usually  without  teeth,  single  somewhat 
ventrally  placed  adductor  muscle.  In  the  true  oysters  the  more  arched  left 
valve  is  firmly  attached,  while  the  right  and  upper  valve,  which  is  fastened 
by  an  internal  ligament,  lies  as  an  o])erculum  on  the  lower  valve.  Edges  of 
mantle  fringed,  not  fused  ;  gill  lamellae  fused  with  mantle  and  across  the 
middle  line.  Foot  absent  or  rudimentary.  They  usually  live  together,  and 
form  banks  of  considerable  extent.  Found  in  the  Jura  and  the  Chalk. 
Ostrea  edulis  L.,  on  the  coasts  of  £uro{)e  on  rocky  ground  ;  probably 
includes  a  number  of  difi'erent  species  according  to  the  locality.  According 
to  Davaine,  the  oysters  are  said  to  produce  only  male  sexual  products  towards 
tlie  end  of  the  first  year,  and  it  is  not  until  later,  from  the  tliird  year 
onwards,  that  they  become  females  and  produce  ova.  Moebius,  on  the  con- 
trary, asserts  that  the  s()enn  is  the  later  formed,  and  not  until  after  the 
pregnant  beast  has  got  rid  of  her  eggs.  The  reproduction  takes  place  especially 
in  the  months  of  June  and  July,  at  which  time  in  spite  of  their  extraordinary 
fertility  the  oysters  should  not  be  gathered.  In  the  American  oyster  {0. 
virginiantt)  and  the  Portuguese  oyster  (0.  angulata)  the  sexes  are  separate. 
The  green  oyster  owes  its  colour  to  its  food — a  diatom  Kavicula  ostrearia.^ 
The  colour  is  confined  to  its  gills  and  labial  palj)s,  and  is  said  to  be  due 
to  selective  absorption  of  the  pigment  from  the  blood.  It  is,  however,  possible 
that  the  diatoms  may  adhere  to  the  surface  of  the  gills  and  paljis,  and  be 
consumed  by  phagocytes  or  other  cells.     This  suggestion  requires  testing. 

Fam.  3.  Pectinidae.  Byssus  absent  or  feebly  developed;  shell  ribbed; 
mantle-edge  tentaculiferous ;  a  duplication  of  mantle-edge  folded  internally; 

•  Ray  Lankester,  Q,  J.  M,  S.,  26,  p.  71. 
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generally  with  emerald-green  pallial  eyes;  outer  gill-filaments  free.  Some  are 
fixed  by  one  valve,  and  some  can  swim  by  opening  and  shutting  their  valves. 
PeeUn  Lam. ;  Pedum  Bmg. ;  Hinnites  Defr. ;  Spondylus  L. ;  Lima  Brugui^re. 
PectenSf  the  Scollops  are  edible  ;  they  swim  by  flapping  their  shells ;  Spondylus 
is  attached  by  one  valve. 

The  Dimyidae  are  allied  here. 

Order  4.     Eulamellibranchiata. 

Inttrfilam&niar  and  interlamellar  (vascular)  concrescences  always  present. 
The  mantle-lobes  are  connected  together  either  by  direct  fusion  or  by  the 
gills  ;  the  genital  glands  have  independent  external  openings. 

Sub-order  1.     SUBMYTILACSA. 

Mantle  generally  widely  open,  usually  with  one  fusion ;  usually  without 
siphons. 

Fam.  1.  Carditidae.  A  single  mantle- fusion  ;  foot  keeled,  often  byssiferous. 
Cardita  Brugui^re.     The  families  Afltartidae  and  Graitatellidae  are  allied  here. 

Fani.  2.  Cyprinidae.  Foot  long  and  bent ;  two  mantle-fusions ;  papillose 
orifices  ;  umbones  often  spiral.     Cyprina  Lam. ;  Isocurdia  Lam. 

Fam.  3.  Lnoinidae.  The  external  gill  sometimes  absent ;  foot  vermiform 
without  byssus.  Lucina  Bruguiere  (Fig.  250  his) ;  Axinus  Sowerby  ;  Montaeiita 
Turton  ;  Corbis  Cuv. ;  Diplodonla  Br. ;  Ungulina  Daudet. 

Fam.  4.  Erycinidae.  Foot  byssiferous  or  with  ventral  surface  enlarged. 
Kellya  Turton ;   LepUm  Turton ;   Lasa^ea  Leach. 

Fam.  6.  Galeonmiidae.  Foot  with  furrow,  mantle  edges  reflected  over  the 
shell.  Oaleomma  Turton  ;  Ephipodonta  Tate.  Chlamydoconcha  Dall  without 
adductor  muscles,  and  Scioberetia  Bernard  with  only  one  gill  on  each  side,  have 
an  internal  shell  and  are  allied  here. 

Fam.  6.  Cyrenidae.  Foot  non-byssiferous  ;  two  siphons  usually  not  united ; 
hermaphrodite,  viviparous,  fluviatile.  Cyclas  Bruguifere ;  Pisidium  Pfeiffer, 
siphons  united  ;  Oalatea  Brug. ;  Corbicula  Millhf. 

Fam.  7.  TTnionidae.  Fresh-water  mussels.  Foot  long,  compressed,  without 
byssus.  Anodonta  Lamarck  (Fig.  257) ;  A.  cygnea  Lam.,  in  ponds ;  A.  anatina 
L.,  in  rivers  and  brooks;  Unio  Philipsson  (Fig.  254);  Margaritana  Schum., 
river  pearl-mussels;  Mycetopus  d'Orb.,  America.  MiUela  Scop.,  and  Pliodon 
Conrad,  Africa,  are  allied  here. 

Fam.  8.  Aetheriidae.  Fluviatile  forms  without  foot,  usually  fixed  by  one 
valve.     Aetheria  Lamck.,  Africa. 

Fam.  9.  Dreisienidaa.  Foot  cylindrical,  byssiferous,  two  siphons.  Dreis- 
sena  v.  Ben.,  fresh-water. 

Sub-order  2.     TSLUNACEA. 

Mantle  well  open ;  gills  smooth ;  siphons  well  developed,  separate ;  foot 
compressed,  elongated  ;  pal])s  large. 

Fam.  10.  Tellinidae.  ExteruiU  gill  directed  dorsally ;  siphons  much  elongated. 
Tellina  L. ;  Scrobicularia  Schumacher  ;  SemeU  Schum. ;  Oastrana  Schum. 

Fam.  11.  Donaoidae.  External  gill  directed  ventrally ;  siphons  separated. 
Donax  L. 

Fam.  12.  Maetridae.  External  gill  directed  ventrally ;  siphons  united. 
'Madra  L.,  clams  (Fig.  251). 
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Sub -order  3. 

Gilla  slightlj  folded ;  foot  compresied ;  siphona  genenJly  abort. 

Fbiu.  13.     TMltrifUw.     Foot   tongue-shaped  ;  siphons  more  or  less  united. 

Fmiia  L.;   Tnpa  Megerle  ;   Dannia  Scop,;  Cytherea  I^ni,;  Liiciwipsit  Forb.; 

Fateriipit  Lam.     The  PKrIcoltdae  (rock-borers)  are  allied  here. 

Sub-order  4.     CAXDIAOEA. 

Gills  much  folded  ;  foot  cjUndrical,  more  or  li»s  elongated ;  generally  without 

Fani.  14.  Cardiidaa.  Cockles.  Foot  long,  bent,  vithoat  bjaso* ;  palliai 
orittces  contiguous,  with  short  siphons  annoanded  bj  papillae.  Carditim  !• 
(Figs.  255.  259) ;  HemUardiitm  Cov. 

Fani-  IE.  Tridaenidae.  Foot  abort,  byssiferons ;  pallial 
orifices  apart;  posterior  adductor  only,  ffippopia  Iadi.; 
Tridacna  Brugui^re. 

Fam.  Ifl.  CTiaiDJdw.  Foot  abort,  without  byssaa  ;  two 
adductors ;  ahel!  fixed,  asynimetrical  ;  pallial  orifices  sepa- 
rated.    Chama  Brugaiire. 


Sub-order  5.     KTACBA. 
Branchiae  much   folded  ;   bot  compressed,  niot« 
^nerally  small ;    sipb( 


reduced ;    pedal 


bonil  pisu 


Siphons  separated,  elongated  ; 
foot  large,  tongue -ahaped.  Fatmmobia 
Lamarck  ;  SanguittelaTia  Lam. 

Fani.  18.  KyidM.  Siphons  united  ; 
foot  reduceil,  »itliout  byssuH.  Mya 
L. ;  Lulrtiriit  I^raarck  ;  Corhida  Brug. 

Fam.  19.  SoIeaidM.  Foot  strong, 
elongated,  often  cylindrical,  vithout 
byssus ;  siphons  more  or  leas  abort. 
HolenocuTttu  Blain. ;  Solcii  L.  (razor 
shell). 

Fam.  20.  Saxietiidk*.  Rock-borers. 
Foot  small,  byasiferous ;  pedal  orifice 
very  short.      Snxicavn  Fleuriau. 

Fain.  21.  OaatnohaenidM.  Foot 
cylindrical,  very  small,  without  bys- 
sna :  gills  narrotr.  The  thin  shell  is 
itained  in  a  calcareous 
crelcd  by  the  mantle.     Oaitro- 


Quurebgm). 


Sub-order  6.     FHOtASACXA  (Boring  KiumIi). 

Foot  very  short,  tniiirated  ;  8i]>liona  long,  united  ;  without  shell-ligament 

Fani.  22.     Pholadidas.     Organs  contained  in  the  shell ;  with  one  or  Bereial 

accessiirj'   abetl-pieoes.      Gills   proloiigeil    into   branchial  siphon.      Pholai  L 

(Fig-   270),   P.   dnd'jliis  L.,  mantle  and  aiphoui  phosphorescent;  Phaladidm 

Coodall ;  Jouannetia  dcs  Moulins. 
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Fam.  23.  Teredinidae.  The  branchiae  are  to  a  large  extent  contained  in 
the  branchial  siphon.  Siphonal  region  vermiform,  provided  behind  with  two 
accessory  shell-pieces.  Shell  very  small,  covering  only  anterior  part  of  animal. 
Ter^o  L.,  T.  Havalis  L.  (Fig.  271),  shipworm,  was  the  cause  of  the  famous 
dam-break  in  Holland  at  the  beginning  of  last  century. 

Sub-order  7.     ANATIHACEA. 

Hermaphrodite  ;  ovary  and  testis  with  separate  orifices  ;  external  gill  directed 
dorsally,  and  without  the  reflected  (outer)  lamella. 

Fam.  24.  Pandoridae.  Foot  tougue- shaped,  without 
byssiis.  Siphons  very  short.  Pandora  Brugui^re  ;  Myo- 
chama  Stutchbury. 

Fam.  25.  Lyoniiidae.  Foot  cylindrical,  byssiferous ; 
siphons  short.     Lyonsia  Sturton  ;  Lyonsiella  Sars. 

Fam.  26.  Anatinidae.  Foot  slender,  without  byssus; 
siphons  long;  a  fourth  pallial  orifice.  Aimtina  Lam.; 
Thracia  Blainville ;  Pholadoinya  Sowerby. 

Fam  27.  Clavag^Uidae.  Foot  reduced,  without  byssus ; 
siphons  long,  united ;  valves  continued  by  a  calcareous 
tube  secreted  by  the  siphons.  Clavagella  Lam.;  Asper- 
ffiUum  Lam.  (Fig.  272). 

Order  5.     Septibranchiata. 

With  branchial  septum. 

There  are  three  pallial  fusions,  two  siphons  more  or 
less  elongated,  and  two  adductors.  The  gills  (Fig.  264  D) 
have  the  form  of  a  muscular  septum,  extending  from  the 
anterior  adductor  to  the  junction  of  the  two  siphons  and 
surrounding  the  foot,  with  which  it  is  continuous.  This 
septum  presents  symmetrical  orifices. 

Fam.  1.  Poromyidae.  Siphons  short ;  foot  elongated. 
On  each  half  of  the  septum  there  are  several  groups  of  lamellae  separated  by 
orifices.  Palps  well  developed.  Hermaphrodite.  Poromya  Forbes ;  Silenia 
Smith. 

Fam.  2.  dupidariidae.  Siphons  elongated,  united;  foot  reduced;  palps 
reduced  or  absent;  branchial  septum  pierced  by  isolated  symmetrical  orifices; 
sexes  separate.     CuspicUiria  Nardo. 

The  genus  Entovalva  Yoeltzkow,  is  not  well  enough  known  for  its  affinities  to  Im 
determined.  The  mantle  has  a  posterior  orifice ;  the  foot  is  large,  ^vith  a  posterior 
sucker.  There  is  an  hermaphrodite  gland.  It  inhabits  the  oesophagus  of  a 
Holothurian  from  Madagascar. 


Fio.  272. —Shell  of 
A»pergiUuiA  javanum, 
(after  Adams). 


Class  n.     SCAPHOPODA*  (SOLENOCONCHAE). 

Dioecious  Mollusca  without  eyes  or  heart.  The  edges  of  the  mantle 
are  fused  to  form  a  tube  which  is  open  before  and  behind^  and  secretes 
a  tubular  calcareous  shell, 

*  Lacaze  Duthiers,  '*Histoire  de  Torganisation  et  du  d^veloppement  du 
Den  tale,"  Ann.  Se.  Nat,  1866-68.  Plate,  '^Ueb.  d.  Bau  u.  d.  Ver>\'andt.  d. 
Solenoconchen,"  Zool.  Jahrb.f.  Morph.  Bd.'S,  1892.  Kowalewsky,  "Etudes  sur 
I'Embryog^nie  du  Dentale,"  Ann,  du  Mus,  de  Marseille,  t  1,  1888. 
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The  body  is  elongated,  slightly  curved,  with  a  dorsal  concavity. 
The  shell  is  shaped  like  an  elephant's  tusk,  and  is  open  at  both  ends. 
Tlie  animal,  which  is  entirely  contained  withiu  the  shell,  has  a 
similar  shape,  and  is  enclosed  by  a  tubular  mantle  also  open  at 
the  two  ends.  It  is  attached  to  the  shell  by  a  muscle  at  the 
hind  end.  The  mantle  is  to  be  regarded  as  paired  folds  of  the 
dotso-lateral  integument  which  have  undergone  concrescence  ven- 
trally. 

A  distinct  head  is  not  present,  but  there  is  an  egg-shaped  projection 
into  the  mantle-cavity  at  the  front  end,  at  the  apex  of  which  is  the 
mouth,  surrounded  by  leaf -like 
labial  appendages.  Springing 
from  two  lobes  at  the  base  of 
the  cephalic  prominence  are  i 
number  of  ciliated  contractile 
filaments  (cap/acvla)  which 
are  swollen  at  their  ends. 
These  have  been  supposed  to 
represent  the  ctenidia,  which 
aK  otherwise  not  represented. 
The  foot  is  cylindrical  and 
directed  forwards ;  it  can  be 
protruded  through  the  ante- 
rior (larger)  opening  of  the 
mantle.  Its  front  end  is  tri- 
lobed  (Dentaiiiim),  or  carries 
a  retractile  disc  with  papillose 
margins  (Siphonodentaliutn), 
from  the  centre  of  which  a 
filiform  tentacle  arises  in  /V- 
eellum. 

The  nervotiB  srstem  con- 
sists of  four  groups  of  ganglia : 
a  pair  of  cerebral  with  closely 
ai^acent  pleiiral,  a  pair  of 
pedal,  and  a  pair  of  vigeeral 
ganglia  just  in  front  of  the  anus.  The  visceral  commissure  arises 
from  the  pleural,  and  the  pleuro-pedal  commissure  is  completely 
fused  with  the  cerebro-pedal.  There  is  a  system  of  labial  ganglia 
(stoniatogostric)  in  connection  with  the  buccal  mass :  it  is  connected 
with  the  cerebral. 
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Sense  organs-     Byes  are  absent.     A  pair  of  otocysts  are  placed  on 
the  peilal  ganglia.    The  tentacles  serve  as  tactile  organs. 

The  alimentaiy  cuul  is  divided  into  a  buccal  cavity,  oesophagus 
vith  two  lateral  pockets,  stomach  with,  large  liver,  and  an  intestine, 
which  after  several  coila  closely  pressed  together,  opens  behind  the 
foot  and  the  visceral  commissuTe  into  the 
middle  of  the  mantle  cavity.  The  buccal 
cavity  is  placed  in  the  body  at  the  base 
of  the  cephalic  projection,  and  contains  a 
dorsal  jaw  and  a  ventral  radvia,  which 
has  a  short  sac  and  [xiwerful  muscles. 

The  TasGolar  syBtem  is  reduced  to  two 
mantle  vessels  and  a  complicated  system 
of  wall-less  spaces  throughout  the  body. 
There  are  no  specialized  retviratory 
oiguu. 

The  excretory  orguis  are  paired  and 
he  in  the  middle  r^on  of  the  body. 
They  open  on  either  side  of  the  anus. 

The  Scaphopoda  are  dioecious.  The 
owies  and  testes  are  unpaired  organs 
occupying  the  posterior  part  of  the  body 
behind  the  liver  and  intestine.  They 
open  into  the  right  kidney. 

The  animals  live  buried  in  mud,  and 
creep  about  slowly  by  means  of  their 
foot  There  are  about  100  species  scat- 
tered in  all  seas,  from  the  littoral  to  a 
depth  of  about  2000  fathoms.  They  are 
known  since  the  Devonian. 

Darelopment.  The  egga  &re  laid  oiDgly.  There 
is  in  invsginate  f(agtruLa  witli  a  large  blastopore, 
vhich  is  at  (irst  st  the  himl  end.  The  emliryo 
elongatsa  and  the  hinder  p»rt  of  the  body  growa 
oat  behind  the  blastopore,  which  beconica  the 
mouth.  The  free-Bwiniming  larva  hia  a  preorsl 
regiou  with  a  ciliated  tuft  and  several  circles 
of  cilia,  which  eventually  consolidate  into  the 
velum.  The  mantle  ari 
rentrally.     The  shell  ah 


(liter   Licue    I 


>   vltk  nnt  rndl- 


csnbrBl   gmgllan;    Oa   or*o- 
pbngns;  L  \i\n-.  Bit  buccal 
iau> :  S  rudiment  of  atiFlL 
lateral  folds  which  oveotually  coalesce 
■t  first  biralve,  but  subsequently  becomes  tubular. 


The  Seaphopoda  are  allied  to  the  Lamellibranchs  by  their  mantle 
and  nervous  syatem,  but  they  possess  an  odontopbore  which  approxi- 
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mates  them  to  the  CephcUophora.     It  is,  however,  impossible  to  say 
that  they  are  more  nearly  allied  to  one  than  to  the  other. 

There  are  three  genera :  DenUilium  L. ;  Siphonodenialium  Sara ;  PuUeUum 
Stoliczka. 

In  the  preceding  account  the  thin  end  of  the  animal  has  been  spoken  of  as 
posterior ;  it  is,  however,  possible  to  regard  it  as  dorsal  and  as  corresponding 
rouglily  to  the  visceral  sac  of  a  Gastroj)od. 

Glass  m.     S0LEN0GA8TBES''  (APLAOOPHORA). 

Syinmetricdl  vermiform  anwials  without  mantle-fold^  distinct  fooi^ 
or  shell,  Tlie  integument  is  provided  with  a  cuticle  and  calcareous 
spiciUes  or  scales. 

It  appears  that  the  Class  Amphineuray  which  is  established  by  many  authors 
to  include  the  Holenogcutres  and  Chitonidae  is  quite  unjustifiable ;  for,  whereas 
the  Chitons  arc  clearly  Gastro^Mxis,  it  is  by  no  means  certain  that  the  Soleno- 
gastres  are  really  Mollusca  at  all.  Certainly  they  are  not  Gastropoda,  for 
they  differ  from  that  class  in  numerous  features,  of  which  we  may  call  special 
attention  to  the  fact,  of  great  morphological  importance,  that  in  them  the 
gonad  opens  directly  into  the  pericardium,  a  feature  found  in  no  Gastropod. 

The  Solenogastres  comprise  two  families,  the  Neomeniidae  and 
the  Chaetodermidae.  They  are  elongated,  vermiform  animals  with 
a  skin  stiffened  by  the  cuticle  and  spicules;  and  although  in 
the  Neomeniidae  there  is  a  ventral  ciliated  furrow,  which  is  sup- 
posed to  l)e  homologous  with  the  Molluscan  foot,  it  may  generally 
be  said  of  them  that  they  are  without  a  foot.  Further,  there  is 
neither  mantle-fold  nor  shell ;  the  respiratory  structures,  when  present, 
cannot  be  certainly  homologised  with  ctenidia;  the  alimentary  canal 
is  perfectly  straight,  passing  between  the  anterior  mouth  and  the 
posterior  anus;  the  blood  is  red;  and  finally,  the  head  is  but  ill 
marked  off  from  the  body,  and  entirely  unprovided  with  special 
organs  of  sense.  There  is  a  haemocoelic  body-cavity,  a  coelom 
consisting  of  a  pericardium,  gonad,  and  two  nephridia;  the  gonad 
communicates  ^vith  the  pericardium.  The  reasons  for  regarding 
them  as  allied  to  the  Gastropoda  are  to  be  found  in  the  presence 
on  the  floor  of  the  mouth  of  a  chitinous  structure,  more  or  less 
closely  resembling  in  its  relations  and  appearance  the  radula;  in 
the  arrangement  of  the  central  nervous  system;   in  the  fact  that 

•  A.  A.  W.  Hubrecht,  **  Proneomenia  Sluiteri"  Niederl,  Arch,  f,  ZoologUy 
Sup.  Bd.  2,  1881.  Kowalewsky  and  Marion,  "Contributions  k  Thistoire  des 
Solenogastres,"  Ann.  Mtcs.  Marseille  {Zoologie)^  8,  1889.  Pruvot,  "Sur  Toi^^ani* 
Ration  de  quclques  Neomeniens  des  c6tes  de  France,"  Arek.  Zool,  &ep,  (2),  9, 
1891.  Wiren,  ''Studien  lib.  die  Solenogastres,"  I.  and  II.,  Svenska  Vet,  Akad, 
HandL,  24  and  25,  1892-3. 
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the  body-cavity  is  a  liaemocoele  and  contains  blood;  and  in  the 
presence  of  a  pericardium  which  communicates  with  the  exterior 
by  a  pair  of  nephridia.  With  regard  to  the  latter  point,  however, 
it  is  not  quite  certain  that  the  structure  called  pericardium  is  of 
that  nature  (it  may  be  merely  a  conjoined  portion  of  the  gener- 
ative ducts,  of  which  the  structures  called  nephridia  constitute 
the  remainder),  and  it  has  been  maintained  that  in  the  Neomeniidae 
at  least  the  organs  called  nephridia  show  no  signs  of  being  renal 
in  function.  And  even  if  the  cavity  in  question  is  pericardial  it 
differs  entirely  from  the  pericardium  of  Gastropoda  in  the  fact 
tliat  it  communicates  with  the  gonad,  and  the  generative  cells 
pass  through  it  on  their  way  to  the  nephridia, 
through  wliich  they  are  ejected. 

The  Soleiwgastres  are  marine,  but  not  littoral 
animals.  Hitherto  they  have  been  found  only  at 
considerable  depths — from  15  fathoms  downwaixis 
as  far  as  the  abyss,  often  in  association  with 
colonies  of  Hydrozoa  and  Actinozoa  on  which 
they  appear  to  feed. 

Fam.  1.  Heomeniidae.  EermaphrodUe  Solenogastres 
with  ventral  pedal  groove j  without  differentiated  liver ^  with 
paired  nephridial  tubes  with  a  common  opening.  The 
body  is  covered  with  spicules,  which  are  embedded  in 
the  cuticle  and  in  relation  internally  with  epithelial 
papillae.  There  is  a  ventral  farrow  which  is  free  from 
spicules ;  this  structure  begins  in  a  rather  marked  ciliated 
pit,  which  is  placed  just  behind  the  mouth  and  contains 
the  openings  of  a  large  mucous  gland,  and  ends  behind 
by  passing  into  the  cloacal  depression ;  further,  it  contains 
along  its  floor  a  ciliated  projection,  which  is  supposed  to 
be  homologous  with  the  MoUuscan  foot. 

The  month  is  anterior  and  ventral,  and  leads  into  a 
buccal  cavity  which  has  muscular  walls,  and  is  sometimes 
protractile ;  it  is  lined  by  a  thick  cuticle,  and  the  ducts 
of  the  salivary  glands  and  the  sheath  of  the  radnla  open 
into  it.  The  latter  is  absent  in  Neomenia  and  in  certain 
species  of  Proneojnenia  and  Dondersia;  elsewhere  it  bears 
several  transverse  rows  of  chitinous  teeth.  The  oesophagus  is  short,  the  stomach 
tubular  and  often  provided  with  an  anterior  dorsal  caecum ;  the  intestine  is 
straight,  and  opens  into  the  cloaca,  which  also  receives  the  openings  of  the 
nephridia  and  of  a  mucous  gland.  The  liver  is  represented  by  several  pairs 
of  short  lateral  diverticula  of  the  stomach. 

The  nervoni  lyitem  (Fig.  276)  consists  of  a  large  cerebral  ganglion  in  front  of 
the  buccal  mass,  giving  origin  to  a  stomatogastric  commissure  with  two  small 
ganglia  and  to  two  cords  on  each  side — the  pallial  and  pedal — passing  backwards. 
The  pedal  cords  are  swollen  into  a  ganglion  below  the  oesophagus,  and  into  smaller 

2  A 
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ganglU  at  interrala  along  their  cout«e.  Tbe  swellings  are  united  b;  go 
The  psUial  cords  have  a  ganglion  near  their  origin  IVom  tbe  cerebral,  and  an 
connected  with  the  pedal  bj  commiBsures ;  they  anite  in  a  aupra-rectal  gHnglioc 
behind.  In  !ftomxnia  (Fig.  27fl)  tbeee  cords  are  united  for  >  short  distance  id 
front,  and  sometiines  thej  join  behind. 

There  ore  no  epecial  organs  of  senae. 

The  blood  eorpuelM  contain  haemoglobin,  which  gives  the  blood  a  red  colour. 
*"  lo  definite  vessels,  bat  there  are  two  more  or  less  marked  si 


(attar  Wirin).     Ct  cenbisl  gnglloD  ; 

SI  sUmiatogHtrlc  ginglli;   Tlv  peda:  Wirte).    , 

cord  ;  Gpt  pwterlor  gangUon  gn  the  generaUvo  gluid  In 

pedal  corda;    TU  palllal  cordi;   Gpt  ridlsm;  Bi  nopt 

■upra-ncUl  ganglion  (from  Bronn).  lalocy  organ ;  C  el( 


ventral  betvraen  the  intestine  and  the  ventral  SDrtkce,  and  a  dorsal  sinus,  the 
hinder  part  of  which  is  contractile  and  supposed  to  represent  the  heart  These 
presumabtj  communicate  with  the  perivisceral  cavjt;,  which  contains  blood. 
Bespiratory  organs  are  supposed  to  lie  repreaented  by  some  epithelial  folds  of 
he  cloacal  wall. 
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The  cavity  called  pericardial  (Fig.  277  B)  is  dorsal  to  the  rectiim.  The  heart 
projects  into  it  dorsally ;  it  commuDicates  with  the  exterior  by  two  tubes — the 
so-called  nepkridia — which  are  bent  on  themselves  like  those  of  so  many  Mol- 
Insca,  and  open  by  a  common  median  opening  into  the  cloaca  ventral  to  the  anus. 

The  animals  are  hermaphrodite,  and  the  g^^nital  g^Iands  are  paired  and 
tubular;  they  open  posteriorly  into  the  pericardium. 

It  is  extremely  doubtful  whether  we  ought  to  regard  the  nephridia  as 
anything  else  than  generative  ducts,  as  they  bear  accessory  organs  on  their 
course,  and  no  signs  of  renal  excretory  products  have  been  seen  in  them. 

The  development  has  been  partly  followed  in  Dondersia,  There  is  an 
invaginate  gastrula  and  a  trochosphere  with  a  velum,  but  no  veliger  stage 
nor  shell -gland,  nor  foot. 

The  Ntomeniidtie  have  been  taken  in  the  North  Atlantic  and  in  the 
Mediterranean.     There  are  6  genera  and  about  20  species. 

Neomenia  Tullberg,  with  branchiae,  without  radula ;  Paramenia  Pruvot, 
with  branchiae  and  radula ;  Pratieomenia  Hubrecht,  without  branchiae,  thick 
cuticle  enclosing  epithelial  papillae ;  Ismenia  Pruvot,  cuticle  thin,  a  pre- 
doacal  ventral  prominence ;  Lepidomenia  Kow.  and  Mar.,  cuticle  thin,  radula 
large ;  Dondersia  Hubrecht,  cuticle  thin,  radula  rudimentary  or  absent 

Fam.  2.  Chaetodermidae.  DioeeioiLs  Solenogastres  without  pedal  groove^ 
with  radula  as  single  homy  tooth ;  iiephridia  toith  separate  openiiigs;  branchiae 
paired  and  projecting ;  gonad  median.  Body  with  uniform  covering  of  short 
spicules  embedded  in  the  cuticle.  Hind  end  of  body  bell -like,  consisting 
of  widely  open  cloaca,  which  contains  two  foliaceous  branchiae,  the  anus  and 
the  two  openings  of  the  nephridia. 

The  nenrous  gyttom  consists  of  two  closely  apposed  cerebral  ganglia,  from 
which  arises  a  stomatogastric  commissure  with  two  ganglia,  and  on  each  side 
two  lateral  cords,  the  pallial  and  pedal,  which  are 
joined  at  intervals  by  commissures.  Posteriorly  the 
pedal  joins  the  pallial,  and  the  single  cord  thus  formed 
joins  its  fellow  dorsal  to  the  rectum  in  the  supra-rectal 
ganglion.    There  are  no  sjiecial  organs  of  sense. 

The  mouth  is  anterior  and  terminal,  the  radula  is 
represented  by  a  single  horny  spine  in  a  pit  in  the 
floor  of  the  mouth,  the  alimentary  canal  is  straight, 
and  the  liver  is  a  single  ventral  caecum  directed 
forwards  and  opening  into  the  middle  region  of  the 
alimentary  canal. 

The  yaicnlar  lyttem  is  much  as  in  the  Neomeniidae 
except  that  the  haemoglobin  is  in  the  plasma. 

The  nephridia  (Fig.  277)  resemble  those  of  Nemmnia,  p^^  j.g  _  chaetoderma 
but  they  are  without  accessory  genital  structures,  are  •  nitidulum  (from  Per- 
more  obviously  renal  in  function,  and  they  open  rier).  a  anterior  end ; 
separately.  ^  posterior  end. 

The   eezet   are   separate.      The   gonad   is  a   single 
median  tube  opening  into  the  pericardium,  and  the  genital  products  pass  out 
by  the  kidneys  (Fig.  277  A), 

The  development  is  unkno^^). 

There  is  one  genus  with  three  species ;  from  the  North  Atlantic,  the  Arctic, 
and  the  Pacific  Oceans. 

Chaetoderma  Lov^n. 
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Class  IV.     GASTBOPODA.* 

Mollusca  toith  a  (h'sfinct  head  (generally  bearing  ientacle»y  with  a 
ventral  muscular  foot  visually  used  for  creeping^  and  typically  with  a 
continuous  mantle-fold.  The  shell  ichen  j^resent  is  comjjosed  of  one  or 
of  more  than  tiro  pieces. 

The  organization  of  the  Gastropoda  is  with  one  exception  asym- 
metrical, but  the  asymmetry  is  coniined  to  the  organs  of  the  visceral 
mass,  and  rarely,  if  ever,  affects  the  head.  The  head  has  the  mouth 
at  its  anterior  extremity,  and  usually  l)ears  one  {Streptoneura,  Theco- 
somatoy  Phyllirhoey  Elysiids,  and  some  Pulmonates)  or  two  (most 
Opisthobmnchs  and  some  Pulmonates)  pairs  of  tentacles,  and  two 
eyes,  which  are  placed  at  the  base,  sometimes  at  the  apex  of  a  pair 
of  tentacles.  The  tentacles  are  contractile,  and  in  the  stylommato- 
phorous  Pulmonates  they  are  invaginable. 

Their  form  varies  and  tliey  are  often  modified,  and  may  even  be  absent 
{Olivefla,  HomaUtgijra,  Pterotrachea^  etc.) ;  in  most  of  the  Bulloids  Iwtli  pairs 
are  widened  out  and  transformed  into  a  quadrangular  cephalic  shield,  the  four 
eornere  of  which  correspond  to  the  apices  of  the  four  tentacles.  The  single  pair 
of  the  Amphiholldar^  Otinklaey  Siphonariidiie,  and  OadiniUfac  atg  reduced,  and 
give  to  the  head  the  asi>ect  of  a  flattened  disc.  The  anterior  pair  of  Pleuro- 
branchidac,  Tritoniuiac,  etc.,  is  transfoiTiied  into  a  frontal  velum.  They  may 
also  be  bifid,  flattenetl  or  branched.  The  labial  palpt,  whicli  are  processes  of 
the  lips,  found  in  some  forms,  are  not  to  be  regarded  as  tentacles ;  nor  arc  the 
small  lobe-like  processes  (palmettes)  sometimes  found  between  the  tentacles. 
The  piendopalliam  is  a  process  of  the  cephalic  integument  wliich  projects  back 
over  the  shell. 

The  foot  is  a  muscular  organ,  and  projects- from  the  ventral  surface 
of  the  body.     Typically  it  has  a  flat  sole,  and  is  used  for  creeping. 

*  Martini  and  Chemnitz,  Conchylien  Cabinet^  12  Bde.,  Ntlmberg,  1837-1865. 
Sowerby,  *'  Thesaurus  conchyliarumj  or  Figures  and  Descriptions  of  Shells" 
London,  1832-62.  Reeve,  '* Conchologicn  iconica,  etc.,"  London,  1842-62. 
H.  and  A.  Adams,  **  The  Oenera  of  the  recent  Mollusca,**  8  vols.,  London,  1858. 
H.  Troachel,  **Das  Oehiss  der  Schnccken"  Berlin,  1856-78.  S.  P.  Woodward, 
"  Mamial  of  the  MoUusca"  ed.  3,  London,  1876.  V.  Hensen,  **  Ueb.  das  Auge 
einiger  Cephalophoren,**  Z,  /.  w,  Z.y  l.'i,  1865.  J.  W.  Spengel,  **Die  Geruchs- 
organe  u.  a.  Nervensystem  der  Mollusken,"  Z,  f  to.  Z.^  35.  Souleyet,  '*  Voyage 
de  la  Bonite^"  Zoologie,  T.  2.,  1852.  Hilger,  "Beitrago  zur  Kenntniss  des 
Gastropodenauges,"*J/o77?A.  Jahrb.,  10,  1886.  Willem,  "Observations  sur  la 
vision  et  los  organes  visuels  de  quclques  Mollusques,  etc.,"  Arch.  Biol.,  12, 
1892.  Leydig,  *'Ueb.  d.  Gehororgan  der  Gastropoden,"  Arch.  f.  Mic  AnaLt 
7,  1871.  Laciekzc  Duthiers,  "Otocysts  on  capsules  auditives  des  Mollusques," 
Arch.  Zool.  Exp.  ft  04n.  (1),  1,  1872.  Houssay,  "Recherches  sur  Topercule 
et  les  glandes  du  pie<l  des  Gastcropodes,"  Arch,  Zool.  Exp.  (2),  2,  1884.  Grobl)eD, 
**  Die  PericArdiaidriise  der  Gastropoden,"  Arh.  Zool.  Inst.  Wicn,  9,  1890. 
Baudelot,  "Recherches  sur  Tapjiareil  gen^rateur  des  Mollusques  Gast,"  Ann. 
Sci.  Nat.  (Zoologie)  (4),  19,  1863.  P.  Pelseneer,  ** Introditction  d  V£tude  des 
Mollusq\ies,'*  Paris.  1897.  A.  H.  Cooke,  "Molluscs,**  Cambridge  Natural 
History^  London,  1896. 
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It  very  generally  bears  on  its  hind  end  a  liomy  or  calcareous 
operculum  for  closing  the  sliell-aperture  vrlien  the  animal  is  retracted. 
The  form  and  size  of  the  foot  ]ircsent  various  moditications  according 
to  tlie  condition  of  life. 


)  aiid  Mngilia,  which 
id  Stili/er,  which  are 
a  fluttened  laterally 


Id  the  sedentary  Gastro)>ods  iC  is  reduced — iu  Vti'meti 
are  tixed,  to  a.  Biuall  discoidal  pi-ojection  ;  and  iu  T/iijca  i 
parasitic,  to  a  bidbII  appendage.     In  the  pelagic  tonus  i 
as    a    tin    (UeUTOpoda) 
or  raaj  eveo  1»  abaent 
(Phyllirkoi).      In   the 
leaping  IbrmB  [Strom- 
bidae)   it  is  also  Hat- 

The  creeping  surface 
is  sometimes  diviilcd 
by  a  longitudinal  fur- 
row, and  the  two  halves 
may  move  alternately 
{Cydostomn.).    The  two  ^'^  I 

anterior  corners  of  the        F'"-  r.^-UtiU  TOKOiia.    0  eyes  at  the  Kstremitics  of  tlip  long 
foot  [nay  lie  prolouged  tCTiticlea;  Ptfoni. 

ax  teiitoclea, 

Tlie  anterior  jart  of  tlie  toot  may  project  beneath  the  head,  forming  the 
]iropofliKm  (Lurruniug  forms);  in  Natica  the  propodium  projects  l)nck  on  to 
tlie  ceplialic  region. 

Tlie  apipodift  (sometimes  called  pam]<odia)  are 
I>ottioDH  of  the  foot  (in  many  Oiiisthobranclis) ; 
fuse  orer  the  dorsal  snrfoce.  In  the  Bli/pidoglosaa 
and  carry  papillae.  Tlie  posterior  {larl  of  tlic  foot  i 
teat  as  meiiipodiuin;  in  such  cases  when  a  pro[iodi 
middle  part  is  called  mesopodiuni. 

The  pedal  glatida  secrete  a  mucous  subKtance,  wliicli  lubricates  the 
surfiite  on  which  the  animal  moves,  or  hnrilens  on  contjict  with  air  or 
water  into  a  thread  by  which  the  animal  suspends  iti?elf  (Limax, 
Liliopa,  C'eritkidea,  etc.),  or,  as  in  lanthina,  betomes  entangled  with 
biihhles  of  air  and  forms  a  float  to  which,  in  the  female,  the  eggs  are 
attached.  The  secreting  cells  are  dietributed  as  unicellular  glands  in 
the  epithelium  of  the  foot,  and  are  often  aggregated  in  special  invagi- 
nations of  the  skin.  Such  are  the  supra-jiedftl  gland  which  opens  at 
tlie  front  edge  of  the  foot  (Pvlmonala,  etc);  the  labial  glands 
wliich  open  into  a  furrow  at  the  anteiior  end  of  the  foot  (creeping 
Siivptoneura  and  Opisthobranehs) ;  and  the  niedinn  pedal  gland 
which  opens  on  the  ventral  surface,  and  is  coinpamble  to  the  hyiisus 
gland  of  LameUibrancha  {Cijclontoma,  Cyjiraea,  etc.) ;  it  was  formerly 
mistaken  for  an  "aquiferous  pore."  FiunJIy,  in  some  forms  there 
ure  glands  at  the  hind  end  of  the  foot,  either  dorsal  or  ventral. 


till -like,  produced  lateral 
n  Xotvrchitt  the  epipodia 
(lie  epipodia  are  present, 
often  murkeil  otf  from  the 
im  is  present  as  well,  tlie 
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The  integument  consists  of  a  superficial  layer  of  cylindrical  cells 
which  are  frequently  ciliated;  and  of  a  connective-tissue  dermis 
which  is  inseparably  connected  with  the  dernial  muscles.  Calcareous 
and  pigment  glands  are  placed  in  the  integument ;  they  are  specially 
numerous  at  the  edge  of  the  mantle-fold,  where  they  contribute  to 
the  growth  and  peculiar  colouring  of  the  shell. 

The  mantle  (pallium)  or  integument  of  the  visceral  sac  is  thrown 
into  a  continuous  fold,  which  completely  encircles  the  body  at  the 
j miction  of  the  visceral  sac  with  the  head  and  foot.  This  fold  is 
the  mantle-fold;  it  encloses  between  itself  and  the  body  a  space 
called  the  mantle-  or  pallial-groove.  The  mantle-groove  is  quite 
shallow,  and  groove-like  over  the  greater  part  of  its  extent,  and  in 
the  Placophora  (Fig,  305  B)  over  its  whole  extent ;  but  in  all  other 
forms  it  is  especially  deepened  at  one  point.  This  specially  deep 
part  of  the  mantle-groove  is  the  mantle-cavity  proper.  Tlie  mantle- 
cavity  contains  the  ctenidium  (in  the  Zygohran4:hiata  the  two  ctenidia) 
when  there  is  a  ctenidium,  and  generally  the  anus,  renal  orifice,  and 
generative  opening. 

The  free  edge  of  the  mantle-fold  is  thickened  and  may  be  provided  with  short 
tentacles,  pigment  spots,  and  glands.  In  the  ZygobranehicUa^  and  in  one  or 
two  other  forms,  there  is  a  slit  along  the  roof  of  the  mantle-cavity  in  the 
mantle-fold.  This  slit,  the  edges  of  which  may  be  fused  at  one  or  more  points, 
allows  of  the  exit  of  the  spent  water  from  the  mantle-cavity. 

The  siphon  (Fig.  280,  S:2)  is  a  kind  of  spout-like  continuation  of  the  mantle- 
edge  on  the  left  side  of  the  mantle-cavity.  It  occurs  in  many,  principally 
carnivorous,  Streptoueiu-a,  and  it  conducts  water  into  the  mantle-cavity. 

The  hypobranohial  g^land  (Fig.  280,  17)  is  a  highly  glandular  and  generally 
folded  portion  of  the  mantle-lining  l)etween  the  two  gills  and  the  rectum  (Zygo- 
branchs),  or  between  the  single  gill  and  the  rectum  (most  other  Gastropods). 

In  the  typical  Gastropoda^  such  as  the  whelk  {Buecinum)  or  the 
garden-snail  {Helix),  the  visceral  sac  is  covered  by  a  univalve  shell. 
This  shell  has,  to  a  certain  extent,  the  same  shape  as  the  visceral  sac 
(Fig.  312),  and  can  usually  completely  receive  and  protect  the  head 
and  foot  when  the  animal  is  retracted.  As  a  rule  it  is  hard  and 
calcareous,  consisting  of  the  three  layers,  an  outer  periostracimi, 
a  middle  prismatic  or  porcellanous,  and  an  internal  nacreous  layer: 
the  nacreous  layer  is  not,  however,  always  present  in  Gastropods,  and 
the  porcellanous  is  of  complex  structure,  consisting  often  of  three 
layers  of  laminae,  which  are  themselves  comi)Osed  of  prisms.  Some- 
times it  is  a  delicate  structure,  horny  and  flexible,  or  it  may  have  a 
gelatinous  or  cartilaginous  consistence,  as  in  the  Cyinbtdiidaey  where, 
however,  it  is  not  a  mantle-shell,  but  a  subepidermic  dermal  product. 
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The  shell  is  eecreted  by  the  epidermis  of  the  mantle;  the^epi- 
dermic  (periostracum)  and  porcellanoua  layers  by  tlie  edge,  and 
the  nacreous  layer  by  the  whole  surface.  In  cases  in  which  the 
nacreous  layer  is  absent,  the  mantle  surface  still  has  a  shell-foiming 
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power,  for  lesions  are  repaired  by  a  cement-like  substance  secreted 

by  the  mantle. 

The  shell  consists  of  one  piece,  except  in  the  Chitonidae  (Fig. 

305)  in  which  there  are  eight  pieces,  and  it  usually  has  the  same 

shape  as  the  visceral  sac.     When  that  is  flat  or  conical,  the  shell 

is  also  flat  and  conical  (Patella, 
Fissurella) ;  when  the  visceral  sac 
is  spirally  coiled,  the  shell  also  is 
spirally  coiled ;  and  when  the  mantle- 
fold  has  a  slit  extending  along  the 
roof  of  the  mantle-cavity,  the  shell 
has  a  corresponding  slit  or  perforation 
{Fissurella,  Haliotis).  Finally,  pro- 
longations of  tlie  edge  of  the  mantle, 
such  as  the  siphon,  leave  their  mark 
upon  the  lip  of  the  sliell-a})erture 
(Sipho7iosfo7nafa). 

The  visceml  sac  of  Cliiton  is  not 
prominent  and  never  coiled.  The 
shell-pieces  of  this  animal  are  par- 
tially covered  by  upgi'owths  of  the 
mantle,  and  may  l)e  entii'ely  covered 
by  them  {CryptocJiiton),  The  shell- 
})eds  so  formed  have  been  compared 
by  Lankester  to  tlie  persisting  shell- 
sac  (in  this  case  multiple)  of  the  larva. 

The  visceral  sac  and  shell  arc  almost 
always  coiled  to  a  certain  extent  in  the 
young  or  larva,  even  if  not  in  the  adult. 
The  coils  may  be  lost  by  detolhition^  as 
in  Coecum,  in  which  the  spiral  ]mrt  droits 
otF;  or  by  modification  during  growth  as 
in  Fissurella  (Fig.  281,  F,  G,  H),  or  by 
subsequent  addition  during  growth  (by 
secretion  from  two  reflected  lol>es  of  the 
mantle)  of  calcareous  matter,  which  over- 
lies the  spiral  shell  and  hides  it,  as  in 
the  cowries  {Cyj)r(ua). 
The  spiral  is  generally  dexlral  (leiotix)pic),  i.e.,  if  the  shell  is  placed  with 
its  spire  uppermost  and  the  ai>ertui-e  towards  the  observer,  the  aperture  is  to 
the  right ;  or  it  may  be  sinistral.  When  it  is  sinistral  the  organization  is 
sometimes  affected,  and  the  organs  and  apertures  usually  placed  to  the  right 
are  on  the  left  side.  This  is  always  the  case  with  sinistral  monstrosities, 
but  not  always  when  .the  s|>ecies  is  normally  sinistral.     In  Spirialis,  Limacina, 


Fio.  281.— Shells  of  A  Pleurotomaria, 
B  Pf/lytremaria,  C  and  E  Emarginula, 
D  Haliotis,  F  FifsurcUa,  G  and  H 
stages  in  the  growth  of  the  shell  of 
FUsurella  (from  Lang). 
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Laniates,  and  a  few  other  forms  the  shell  is  sinistral,  but  the  organization  is 
dextral  ;  such  shells  are  said  to  be  idtra-dextral  (Pelseneer).  In  some  cases 
both  sinistral  and  dextral  species  are  known  in  the  same  genus. 

As  a  general  rule  the  whorls  of  the  spire  are  closely  applied  together,  the  line 
or  groove  of  ap|)osition  being  called  the  suture.  Sometimes,  however,  the  whorls 
are  more  or  less  separate  {Scalariaj  Cyclosiomay  Valvata,  VenneiiLs).  The  shell 
is  never  multilocular,  but  sometimes  the  animal  ceases  to  occupy  the  upper 
whorls,  which  drop  otl'  {decollation).  The  axis  round  which  the  whorls  are  coiled 
is  called  the  columella ;  it  may  be  hollow,  in  which  case  the  shell  is  said  to  be 
perforated  or  umbilicated  {Solarium)  and  the  axial  tube  is  called  the  umbilicus; 
the  umbilicus  may  be  shallow  or  deep.  In  Natica  the  umbilicus  is  filled  up 
with  calcareous  matter.  In  other  shells  the  whorls  are  closely  coiled,  and 
the  columella  is  a  central  pillar ;  such  shells  are  imperforate.  In  addition  to 
the  above  the  following  tenns  are  applied  to  the  shell :  the  apex  is  the  top 
of  the  spire — the  first  formed  part  of  the  shell ;  the  afxirture  is  the  opening 
of  the  shell  at  the  end  of  the  last,  or  body- whorl.  The  aperture  is  entire, 
as  in  most  vegetable  feedei*s  {hvlostamataus)^  or  produced  at  its  anterior 
end  into  a  sj)out  {canal)j  as  in  many  carnivorous  families  {siphoiiostomxUous). 
Sometimes  there  is  a  posterior  canal  as  well ;  this  is  anal  in  function,  and  in 
some  forms  is  represented  by  the  so-called  slit  {Emarginulat  Pleurotomaria, 
Sdssurella).  The  slit  lies  over  a  slit  in  the  mantle  (see  above).  In  Fissurella 
(Fig.  281)  it  becomes  in  the  adult  an  apical  pore,  and  in  Haliotis  a  number 
of  pores. 

The  margin  of  the  aperture  is  called  the  peristome,  the  right  side  of  which  is 
the  outer  lip  or  labrum,  the  inner  or  columellar  lip  being  the  labium.  The 
outer  lip  is  sometimes  thin,  moi-e  often  thickened,  or  reflected  or  inflected 
{Cypraea),  or  expanded  {Ftcroccras)  or  fringed  with  spines  {Murex).  When  the 
fringes  or  expansions  of  the  outer  lip  are  formed  |>eriodical]y  during  the  growth 
of  the  shell  they  are  called  varices. 

Shells  which  are  always  covered  by  the  mantle  are  colourless  {Limax, 
ParmopJwrus).  Those  which  are  covered  by  the  mantle  when  the  animal 
expands  acquire  a  glazed  or  enamelled  surface  like  the  cowries.  When  the 
shell  is  deeply  immersed  in  the  foot  of  the  animal  it  becomes  partly  glazed 
{Cymba).  In  all  other  cases  there  is  an  epidermis  or  j)eriostracum,  though  it  is 
often  thin  and  transparent. 

In  some  cases  the  }»art8  of  the  shell  separating  the  successive  whorls  and  the 
columella  are  absorbed  in  the  adult,  e.g.,  Nerita,  Olivellay  (Jypraea,  Auriculidac; 
in  such  cases  the  visceral  sac  loses  its  spiral  form. 

Tlie  operonlnm  is  attached  to  the  dorsal  hind  end  of  the  foot.  It  consists  of 
a  homy  basis  which  may  be  calcified.  It  grows  with  the  shell,  and  the  oldest 
part  of  it  is  called  the  nucleus.  It  is  marked  by  lines  of  gi'owth,  which  may  be 
concentric  or  spiral  (sinistral  in  dextral  shells).  Sometimes  it  is  claw-shaped 
or  unguiculatey  in  which  case  the  nucleus  is  apical.  It  generally  fits  the  mouth 
of  the  shell ;  but  is  sometimes  too  small,  or  even  ridiculously  inadequate  for  this 
purjK)se,  as  in  Bullia,  Conus,  etc.;  it  also  persists  in  some  limpet-like  forms 
which  adhere  by  their  flat  foot,  and  in  which  it  is  not  used  {Navicella,  ConcJio- 
lepcLs,  Sigarcttis).  In  such  cases  the  operculum  afl'ords  a  good  instance  of  an 
organ  persisting  after  it  has  entirely  lost  its  original  function.  The  operculum 
is  present  in  most  adult  Streptoneura,  and  in  their  larvae,  if  absent  in  the  adult 
(except  Stilifer)  ;  it  is  absent  in  the  adults  of  most  Euthynenra  (except  Actaeon^ 
Limacinaf  Amphibola),  but  is  present  in  their  development  except  in  some  of 
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the  more  specialized,  eg,  Pulnumata  (except  Aurieulidae,  Siphanaria,  Oadinia) 
aud  Cavoliniidae.  It  may  be  present  or  absent  in  the  same  genus  (Stamalella, 
Vennetus^  Contis\  and  may  even  be  caducous  in  adults  {Limacina  heliciiui). 

The  edges  of  the  mantle  are  often  folded  over  the  shell,  so  as  to 
cover  a  part  of  it  (many  Fissurelltdae,  Marsemna,  many  Cypraeidae 
and  Marginellidae,  AplyHa^  and  some  Btdlidae,  various  Piilmonates), 
or  the  whole  of  it.  In  the  latter  case  the  edges  fuse,  and  the  shell 
is  enclosed  in  a  sac.  Sucli  an  internal  shell  is  found  in  Cryptocfnton, 
Pupiliay  most  Lameilariidaej  Pusltdaria,  Notarchus^  Doridium,  Oag- 
trqpteron,  PhUine,  Pleurobranehus,  and  some  species  of  Limax^  and  is 
very  generally  mucli  reduced  in  size,  and  quite  incapable  of  receiving 
the  head  and  foot  in  retraction.  Finally  the  shell  and  its  sac  may  be 
absent,  and  the  visceral  sac  become  secondarily  symmetrical  {Titis- 
caniidae,  Pterotrachea^  Runcina^  Gymnosomatous  Pteropods  and 
CymbtUiidae,  Pleurohranchaea^  Nudih^anchiata^  Philomycidae^  On- 
chidiidae,  Vaginvlidae),  In  such  cases  the  shell  exists  only  in  the 
larva  (in  some  Pulmonates  it  is  never  formed  at  all),  and  disappears 
at  the  end  of  larval  life.  In  most  cases  in  which  there  is  no  shell 
the  pallial  chamber  (and  groove)  and  ctenidium  are  reduced  or  absent; 
e,g.  in  Nudibranchs  where  the  ctenidium  is  said  to  be  replaced  by  the 
papillae  of  the  mantle  (t.e.  of  the  dorsal  integument)  called  cerata 
(Fig.  328).  In  certain  cases  in  which  the  larval  shell  is  shed, 
another  persistent  and  internal  shell  is  formed  {Lamettaria,  the  first 
spiny  shell  of  which  is  called  Echinospira).  The  attachment  to  the 
shell  is  effected  by  the  columdlar  or  spindle  muscle  (Fig.  296),  which 
arises  from  the  foot  and  is  inserted  into  the  columella  in  the  spiral 
fonns,  or  when  there  is  no  columella  to  the  internal  surface  of  the 
shell  in  a  horse-shoe-sliaped  line  (Patella)y  or  over  an  oval  area 
(Hdliotis,  Fig.  296  S), 

The  central  nervous  system  consists  typically  of  the  three  pairs 
of  ganglia  in  the  head  (Fig.  282) — the  cerebral  supplying  the 
head  and  sense-organs,  tlie  pedal  supplying  the  foot,  and  the 
pleural  which  innervate  the  mantle  and  spindle  muscle;  and  of 
two  commissures  which  are  completed  ventrally  to  the  gut  and 
contain  ganglia  in  their  course;  these  are  the  anterior  or  stomato- 
gastric  commissure,  on  which  are  developed  the  buccal  ganglia,  and 
the  posterior  or  visceral,  on  which  may  be  developed  the  supra- 
and  sub-intestinal  ganglia  and  one  or  more  abdominal  ganglia. 
The  stomatogastric  commissure  is  connected  with  tlie  cerebral 
ganglia,  and  supplies  the  buccal  mass  and  alimentary  canal,  while 
the  visceral  commissure  is  connected  with  the  pleural  ganglia,  and 
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innervates  the  vascular,  excretory,  and  reproductive  organs,  and 
also  gives  off  from  the  supra-  and  sub-intestinal  ganglia  nerves  to 
the  mantle,  gills  and  osphradium.     In  all  Gastropoda  except  the 


Fio.  282.— Nerroofl  system  of  Paludina  (after 
V.  Jbering).  Cg  cerebral,  Pig  pleural,  Pg 
pedal,  Sp  supra-intestinal,  Sb  sub-intestinal, 
Ag  abdominal  ganglion ;  o  otocyst ;  Bg  sto- 
matogastric  (buccal)  ganglion. 

Chitonidae  the  visceral  com- 
missure is  asymmetrical,  in 
connection  with  the  asymmetry 
of  the  organs  which  it  supplies. 
In  the  arrangement  which  is 
usually  described  as  primitive 
the  cerebral  ganglia  are  placed 
at  the  sides  of  the  oesophagus, 
and  are  connected  by  a  long 
commissure;  the  pedal  ganglia 
are  drawn  out  into  long  gan- 
gUonic  cords  (Fig.  283,  15,  Fig. 
284,  pe)  extending  along  the 
ventral  surface  (Aspidobranchs, 
Paludina,  CyclopJiorua,  Gypraea), 
and   connected   in  a  ladder-like 

manner  by  numerous  commissures;  the  pleural  ganglia  are  approxi- 
mated to  the  pedal;  and  the  visceral  commissure  is  of  considerable 


Fio.  288.— Nervous  system  of  Patella  (from 
Lang,  combined  after  Pelseneer  and  Bou- 
vier).  1  cerebral  ganglion;  X  cerebral 
c<nnmissure;  S  labial  ganglion;  U  buccal 
ganglion  ;  6  cerebro-pleural  commissure ; 
6  corebro-pedal  commissure ;  7  nerve  to 
otocyst  8;  9  pleural  ganglion;  10  pedal 
commissure ;  11  right,  It  left  osphradium : 
IS  visceral  ganglion;  lU  supra-intestinal 
ganglion;  16  pedal  cord;  16  indication 
of  a  sub-intestinal  ganglion. 


Kio.  181.— Nerrnm  oyttcni  of  Ilalictit  <dl>enuDin>Ue 
•Iter  apMigtl),  Ca  cprfbml  gunglion;  Py  funwl 
pl^unL  uid  pedal  piiigUii;  Aff  ■bdomlnal  gAii- 
j{]ioii;  Omnii  (^'inipbrwliH;  Pr  pe<Iii1  cord  ;  Nand  6' 
p»lli«1neri*»;  Br  gills. 

closely  ap]>roxi mated  on  the  dorsnl  side 
Xiidibmiielis). 

The  viaceral 
sure  is  in  the  Utreplo- 
neura  twisted  into  a.  figure 
of  8  in  the  folluiving 
maimer  (Figs.  282,  283) ; 
the  conimiitsure  from  the 
right  pleural  giinglion 
passes  dorsal  to  the  aJi- 
raentery  canal  to  the  left 
side,  and  there  fonns  a 
ganglion — the  mipra-infea- 
lijinl  ganglion  («;',  14) — 
which  supjilies  the  left 
osphradium  and  ctcnidium 
and  left  side  of  the  mantle. 


length,  and  its  ganglia  are 
widely  sejMiRite  {Strtfilo- 
neura  and  the  less  special- 
ized Eu/hi/neura). 

The  principal  variations 
in  this  arrangement  are  ai? 
follows :  the  cerebral  gan- 
glia are  cloee  together,  ami 
the  pleural  are  approxi- 
mated to  them  or  may 
even  fuse  with  them  (most 
Pectinibranchs,  Pteropoiia 
Thecosptnata,  Aclaeon);  the 
pedal  ganglia  are  concen- 
trated and  not  drawn  out 
into  cords ;  the  visceral 
commissure  is  ^liort,  and 
its  ganglia  a]>pro3ci  mated 
both  to  each  other  and  to 
the  ]>lcurol  (Fig.  285,  most 
Euthynenra) ;  finally,  all 
the  ganglia  (cerebral,  pedal, 
pleural,  and  ganglia  of  vis- 
ceral commissure)  may  be 
of  the  oesophagus  (many 


Kio.  28».— 


I  BjrHUin  of  Limnaia  (irtsr  L.  Da- 
■bni,  Ft  pcdil,  Mt  pli^unl.  As  il> 
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or  without  fonning  a  gaDglii 
which  passes  to  a  ganglion 
— the  branchial  ganglion, 
close  under  the  os]>h ra- 
dium ;  while  the  commis- 
sure from  the  left  pleural 
ganglion  passes  ventral  to 
the  alimentary  canal  to  the 
right  side,  and  there  gives 
rise  to  the  ntb-inleelinal 
ganglion  (ab,  16),  which 
supplies  the  right  side,  or 
givea  off  a  nerve  to  the 
right  branchial  ganglion. 
The  part  of  the  commissure 
connecting  these  two  gan- 
glia generally  contains  one 
or  more  purely  visceral 
ganglia.  The  supra-intes- 
Cinal  ganglion  supplies  the 
left  osphradium,  which  is 
generally  present,  while 
the  sub -intestinal  supplies 
the  right  osphradium, 
which  is  absent  in  all 
except  the  Zygobranchiate 
forms. 

The  nervous  system  has 
not  been  seen  in  the  adult 
of  Entocondia  and  Ento- 
eotax. 

In  the  SlreploHeura  each  side 
of  the  Duntle  U  ngaally  isaer- 
vat«d  bya  man  tle-nerre  from  the 
pleural  of  the  same  aide,  and  by 
a  mantle-nerve  from  the  eapra- 
(laft  Bids  of  mantle)  or  sub- 
inteatinal  (right  side  of  nuuitle) 
ganglia,  or,  if  thej  are  abaent, 
from  the  corresponding  parts  of 


1  gives  off  a  strong  branchial  nerve. 


-niiiB  ijBtsm  of  Canifdaria  (after  Hsller), 
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mantle  (dialynenry).  This  arrangement  is  sometimes  modified  (more  often  on 
the  right  side),  in  that  the  mantle-nerve  of  the  pleural  passes  direct  to  the 
ganglion  of  the  visceral  commissure  of  its  own  side  (supra-  or  subintestinal), 
from  which  ganglion  all  the  mantle-nenres  of  that  side  appear  to  be  given  off 
(lygonenry,  right  side  of  Fig.  286). 

In  some  StrepUmeura  there  is,  in  addition  to  the  stomatogastric  oommissuTe, 
a  labial  oommissare  (Fig.  283,  S)  given  off  from  the  cerebral  ganglia  and 
passing  ventrally  to  the  oesophagus. 

Sense  orgaiui.  Tactile  organs  are  represented  by  the  tentacles,  the 
edges  of  the  lips,  which  are  often  folded  (labial  palps),  and  tentacular 

and  lobe-like  prolongations  which  are  found  here 

and   there  on  the   head,   mantle,   and   foot  (see 

these  organs). 

The  rhinophores  are  the  oi^gans  which  subserve 

the   olfactory  sense;    they  are  placed   upon  the 

cephalic  tentacles,  and  on  the  posterior  tentacles 

when  there  are  two  pairs.     They  are  epithelial 

structures,   and  may  be  localised  in  a  patch  of 

high  epithelium  at  the  end  of 

the  tentacles,  or  in  a  pit,  the 

waUs  of  which  may  be  even 

folded  (some  Opisthobranchs). 

The  olfactory  nerve  arises  from 

tlie   cerebral   ganglion,   some- 
times   in   common    with    the 

optic,  and  may  have  a  ganglion 

on  its  course.     The  olfactory 

sense    is   well    developed    in 

most  Gastropods. 

The  osphradium  (Fig.  280) 

is  also  supposed  to  be  an 
olfactory  organ.  It  lies  in  the  mantle-cavity  close  to  the  ctenidium 
and  consists  of  a  special  patch  of  epithelium  generally  columnar  and 
ciliated,  and  frequently  placed  upon  a  special  ganglion  (Fig.  284, 
branchial  ganglion,  see  above).  It  is  innervated  by  a  nerve  from  the 
visceral  commissure  (supra-intestinal  ganglion — if  it  is  present).  In 
some  forms  its  surface  is  much  folded,  and  it  has  the  appearance  of  a 
bipectinate  ctenidium  (Fig.  280),  for  which  it  was  formerly  mistaken 
{e.g.,  Naiica,  Buccinum^  Cyjpraea,  Strombidae,  etc.) ;  in  some 
EtUhyneura  it  is  invaginatcd  into  the  ganglion,  and  has  the  form 
of  a  pit.  In  the  Zygobranchiate  forms  there  are  two  osphradia — 
the  right  one  supplied  by  the  sub-intestinal,  and  the  left  by  the 


Fig.  287.— lAmellar 
rhlnophore  of  Edis 
coronaia  (from  Per- 
rier,  after  Alder 
and  Hancock). 


Fio.  288.— Rhlnophore  of 
Hermaea  bifida  (from 
Perrier,  after  Alder 
and  Hancock). 
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supra-intestinal  gtuiglion,  or  from  the  part  of  the  visceral  commiasure 
where  these  ganglia  would  be  if  present.  In  the  Chitonidae  there 
is  an  OBphradiuni  at  the  base  of  eacli  ctenidium.  In  Fiamrella  it 
is  only  present  in  a  diffuse  and  indistinct  form.  It  is  also  found  in 
some  forma  in  which  the  ctenidium  is  absent  (Patella,  Cltone,  etc., 
Batommatopkora). 

OtoCTSts  which  are  supposed  to  be  auditory  in  function  exist  in 
most  gastropoda  (absent  iii  lanthina,  Vermetue)  as  a  pair  of  closed 
sacs,  which  are  lined  by  an  epithelium  bearing  cilia  and  sensory 
hairs,  and  contain  concietions  and  a  fluid.  They  are  usually  placed 
in  the  foot  near  the  pedal  ganglia  (though  innervated  from  the 
cerebral  by  way  of  the  cerebro-pedal  commissure,  Fig.  283),  but  in  the 
pelagic  forms  (Heteropoda)  and  in  moat  Nudihranchs  they  are  near 
the  cerebral  ganglia  (Fig.  315).  They  contain  a  fluid,  and  one  large 
concretion — the  otolith  (as  in  the  Ctcnobranchiate  Stre/rtoneura,  and  a 
few  Opisthobrancha),  oi 
numerous  small  ones — 

the     otoconia     (Aspido- 

branchs,     most     Eutky- 

nettra    and    dialyneuric 

Taenio^osta).      It    Ikas 

not     been     proved     by 

actual   observation   that 

any  gastropod  possesses 

the  sense  of  hearing. 
Eres.    There  is  a  pair 

of  cephoUc  eyes  in  almost 

all  gastropods.   They  are 

placed  at  the  base  of  the 

tentacles  (of  the  second 

pair  in  Opisthobrancha) 

or  at   the  apex  of   the 

posterior  tentacles  {Sty- 

lommatophora),  or  half- 
way along  the  tentacles 

(some    Streptonetira). 

They    consist    in    their 

simplest  form  of  a  widely  open  pit  of  the  skin  (Fig.  290  A),  the 

epithelium  of  which  is  pigmented  and  carries  on  its  free  surface 

a  layer  of  rods  {Docoglosea) ;    in  aome  of   the  Riiipvloglotta,  e.g,, 

HtUiotie,    Trochia,    the  iipa  of   this   pit  are  approximated  and   its 


a.  2BS.— Otocyitot  Fltrotracktc 
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cftvity  filled  vrith  a  cuticiilar  ieiis  (Fig.  290  B) ;  fiiinlly,  the  pit  may 
be  closed  and  the  retinal  epitheUum  continued  in  front  of  the  lens 
ns  a  kind  of  internal  cornea,  thus  lining  a  complete  vesicle,  while 
the  outer  epithelium,  ti^ether  with  some  connective  tissue,  is  con- 
tinued over  the  eyes  as  n.  coniea  proper  (Fig.  290  C).  The  optic 
nerve  enters  the  retina  on  its  internal  side,  and  the  percipient 
elements  are  on  the  ciidc  of  the  retina  next  the  light. 

The  cephalic  eyes  are  vestigial,  being  buried  in  the  skin  or  absent, 
in  most  burrowing  forms;  absent  in  most  abyssal  and  subterranean 
Hpecies,  and  in  the  Chitonidae ;   and,  curiously  enough,  absent  in 


r^'. 


some   pelagic   forms,    e.g.    lanthina,  many  Pteropods;    though   the 
Heteropoda  possess  the  best  developed  eyes  of  the  class. 

Eyes  are  found  in  considerable  numbers  on  the  dorsal  surface  in 
the  Onchidiidfie,"  in  addition  to  the  cephalic  eyes.  These  pallial 
eyes  are  constructed  upon  the  so-called  Vertebrate  type,  i.e.  the  optic 
nerve  perforates  the  retina,  spreads  out  on  the  surface  turned  towards 
the  lens,  and  then  passes  inwards  to  the  peicipiont  elements  which 
are  on  the  side  of  the  retina  turned  inwards.  Moreover,  they  possess 
*  Semper  C,  "  Forms  of  Aitimal  Lift," 
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a  cellular  lens.     Pallial  eyes*  are  nlso  found  in  certain  genera  of  the 
Ckitonidae  on  the  shell  pieces  ;  they  iMjssess  a  calcareous  comea. 

The  alimentary  canal  is  usually  coilcl,  and,  as  a  rule,  bends 
forward  to  open  in  front  on  tlie  right  side,  into  the  mantle-cavity 
if  that  is  present  In  Chiionidae  it  opens  into  the  mantle-cavity 
in  the  middle  line  beltind,  and  in 
some  Nudtbranchs  the  anus  is  median, 
dotsal,  and  posterior. 

Most  of  the  more  specialized  forms 
possess  an  invaginable  proboscis  {Fig. 
280),  the  invagination  generally  begin- 
ning at  the  base  ;  but  some  possess  one 
which  is  letractile  from  the  point. 

In  the  Naticidtu  there  is  a  glanilular  disc 
on  the  ventral  f«ce  of  the  proboscis,  tlie 
function  of  which  is  to  luniet  th«  animal  in 
perforating  tlie  shells  of  bivalves.  lu  the 
Ptteamadtrmatidae  the  proboscis  beara  Bome 
BDckera,  which  are  either  isolated  or  placed 
npon  two  retractile  lobea  (Fig.  321). 

The  buccal  cavity  is  provided  in  its 
anterior    part    with   a   pair    of    homy 
jaws,   which    may  be  closely  approxi- 
mated dorsally  (Naiiea),  or  even  fused.         Semper).  inUm;  7/ optic nen-e ; 
.  J       II     u.  1  /n pigment;  /KlBm;  l'conK». 

In   Patella,  Aegirus,   and   all    Pulmo- 

nates   there  is  only  a  single  dorsal  jaw,  and  in  many  forms  the 

jaws  are  absent  entirely. 

The  walls  of  the  buccal-cavity  are  much  thickened  owing  to 
the  muscles  of  the  jaws  and  odontophore,  and  to  the  cartilages 
of  the  latter,  and  give  rise  to  the  structure  called  the  buccal  mass. 

There  is  no  lower  jaw,  hut  on  the  floor  of  the  buccal-cavity 
there  is  a  ridge,  partly  muscular,  partly  cartilaginous,  which  '\\e& 
received  the  same  name,  though  it  should  rather  be  regarded 
as  a  tongue :  this  is  the  odontophore  (Fig.  392).  The  surface 
of  this  tongue  is  covered  by  a  chitinous  or  homy  membrane, 
called  the  lingual  ribbon,  or  radida,  on  which  are  carried  homy 
teeth  of  various  forms.  Behind,  the  radula  passes  into  a  cylin- 
drical pocket,  the  so-called  theath  of  the  radula,  which  projects 
as  a  small,  generally  papilla- like  prominence  from  the  ventral 
and  posterior  end  of  the  buccal  mass.  The  radula  and  ite  teeth 
•  Uoieley,  H.  S.,  Q.  J.  M.  S.,  18S4. 


370  IIOLLUSCA. 

are  secretctl  by  the  epithelium  of  the  radula  sheath,  wliich  may  be 

compared  to  the  bed  of  a  nail,  or  to  the  persistent  pulp  of  a  tooth ; 

for  as  the  front  part  of  the  laduk 

is  continually  being  worn  away  bj 

■,U3e,  it  is  Tcplaced  from  behind  by 

the  new  growth  in  the  sheath. 

The    odontophore  can    be    pro- 
truded and  retract«d  as  a  whole 
by  its  muscles,  and  there  is  pos- 
sibly a  small  power  of  movement 
'  of  the  ribbon  itself  on  the  snb- 
;  radular  membrane. 

The  teeth  are  arranged  In  trans- 
verse rows  on  the  surface  of  the 
radula;  their  form,  size,  and  number  vary  in  different  species,  and 
afford  important  systematic  characters  of  species,  genera,  and  families. 

The  middle  tooth  of  each  row  is  csHed  the  antral  or  raehidian  tooth;  the 
U«th  au  each  side  of  this  are  called  laUrala,  nhile  the  outermost  of  all  tn 
the  marginaU  or  uneini.  The  laterals  and  msTgiaals  BometimeB  merge  into 
ODD  another,  so  that  the  disUnctioo  between  tiiem  is  lost  The  vaiying 
arrangement  in  number  of  these  different  teeth  is  expressed  by  formaJM: 
thus  the  typical  formula  of  the  Toxoglema  is  1. 0.0.0.1.,  which  means  that  on< 


Fig.  Ml— Longltudliiiil  hcUod  thrau) 
biiecal  tiuiv  of  Hdix  (aCtar  Refer 
0  moutH ;  Mh  bpcol  avltj ;  M  nrn 
Bd  nduli ;  A'n  IliiHtut  carti1*ge :  Or 
ptw«<ij ;  iy jaw ;  Z  itastta  of  wdola. 
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a  absent  alto- 


insrgiiial  tooth  alone  is  preHeot,  and  that  ceotral  and  laterals  a 
gether ;  in  the  Eackigloata  (Fig.  293  Cj  it  is  1.1. 1.,  which  means 
&nd  one  lateral  no  each  aide  are  present ;  the  teeth  are  stronglj  cusped  in  this 
group.  In  the  Tamioglaiaa  (ribbon -tongued)  tlie  typical  Formula  is  2.1.1.1.2, 
<Fig.  283  B).  In  the  PUnogloaaa  tliere  are  au  indefinite  number  of  outer  teeth, 
not  diatingaiahable  into  marj^nals  and  laterals,  and  the  formula  is  written 
00. 1.  oo.  The  Rhipidoglaaa  (fau-tongued)  are  characterized  bj  an  indefiiiitA 
nnmber  of  marginals,  arranged  like  the  ribs  of  a  fan ;  typical  fonnnla 
00.  S.  I.E.  00-  (Fig.  m  A).  The  Docogloaa  have  a  few,  but  strong  calumnar 
tMth,  and  the  special  feature  is  the  multtplicattan  of  t!ie  central ;  thus  Faltlla 
h»i8.1.*.1.3,,  or,  aa  it  may  be  n-rittcn,  3.1.  (2  +  0  +  2)  1.3. 

In  the  EiUktfJuvra  there  is  generally  no  distinction  into  marf^nals  and 
laterals.  Tlie  length  of  the  radula,  and  the  number  of  rows  of  teeth,  varies 
much  in  different  species.  In  Patella  it  is  very  long,  in  the  Palmonala  it  is 
short  and  broad.  The  rwlnla  is  entirely  absent  in  the  EiiKmidat,  Pgrami- 
dtllidat,  Thyea,  EnloeoruAa,  EntoeoUa:,  Ooral- 
liophHidae,  certain  species  of  Tenbra,  Toma-  /,,_ 

tiaidae,  Cymbvlioprig,  Oleba,  Doridiidae, 
Doridaptia,  Corambe,  Fhyllidia,  Telhyidae 
(Is.,  in  paraaicic  and  suctorial  ramia). 

The  subradular  organ  is  a  papilla  in  front 
of  the  tadula  on  the  floor  of  the  moutli. 

In  addition  to  buccal  glands,  some- 
times found  round  the  buccal  opening, 
there  is  always  a  pair  of  salivary 
glands  opening  into  the  buccal-cavity. 
The  buccal-cavity  leads  into  the  oeso- 
phagus, which  is  followed  by  a  dilated 
stomach,  usually  provided  with  a  caecal 
appendage.  The  stomach  opens  into 
an  intestine,  which  is  usually  long  and 
coiled,  and  surrounded  by  a  large  multi- 
lobed  liver.  The  liver  occupies  nearly 
all  the  upper  coils  of  the  visceral  sac, 
and  pouiB  its  secretion  into  the  intes- 
tine and  into  the  stomach  (Fig.  295). 

The  arrangement  of  the  alimentary  canal  and  of  the  liver  presents  in  detail 
many  essential  modifications ;  one  of  the  moat  remarkable  being  that  offered  by 
the  stomach  with  its  diffuse  hepatic  caeca  (often  eitending  into  the  cerata)  in  bo 
naoy  of  the  Nudibranekiala  (Fig.  294).  The  terminal  part  of  the  intestine  is 
distjngnished  by  ita  size,  and  may  be  called  the  rectum. 

The  oesophagus  may  have  a  crop-like  swelling  in  its  course,  and  sometimes 
there  is  a  gland  on  abont  the  middle  of  its  length  (gland  of  Leiblein,  Fig. 
29G].  The  stomach  may  contain  in  its  middle  region  masticatory  plates 
(some  Opisthohranchs),  or  be  divided  by  constrictions  into  three  regions 
(^pJlfria). 
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Tlio  vascular  STstem  [jresento  nuinerouB  and  imiwrtnnt  modifica- 
tions. The  tiPiirt  is  enclosed  in  n  sjicciiil  jiericanliiini,  iiml  is  usually 
placeci  (HI  one  side  of  tlip  middli;  line,  more  or  less  nnteriorly,  neiii' 
till'  respiratory  organs.  It  nwuilly  consists  of  a  conical  ventricle 
(Fig.  280)  which  gives  off  the 
aorta,  and  of  iin  auricle  which  is 
tuinml  towanls  the  res  j  lira  tory 
orgiiiis,  and  into  which  the  Wood 
piissps  by  the  reapinitory  veins. 
In  some  OastroiMxts  (Jihij/idoglomi, 
except  Helicinn)  there  are  two 
auricles  (the  right  one  being  usiiallr 
the  Riunllcr),  and  the  ventricle  is 
pierced  by  the  rectum  (Fig.  297  ft,(;). 
In  the  Ckiiuaidae  alone  is  the  heart 
not  only  S3"mnietrieal  (with  two 
synnnetrical  auricles),  but  placeil 
at  the  hind  end  of  the  aniiuol. 

When  there  ia  only  one  auricle  it 
is  the  left,  though  in  the  majority 
of  the  Streptmeara  and  of  the 
Ptdmonaia,  and  in  Aelaeon,  Lima- 
cina,  Clio  virgtUa  and  C.  aa'eula 
it  lies  in  front  of  the  ventricle, 
and  in  most  Opisthobranchs,  in 
Tettaeellidae,  Oriehidiidae,  Firo- 
lidae,  and  some  Calyptraeidae  it 
is  behind  the  ventricle. 

The  aorta,  wliich  is  given  ofi 
from  the  end  of  the  ventricle 
op[>oeit6  to  tlie  auricle,  or  from 
the  hind  end  in  the  Wiipidogloua 
with  two  auricles,  usually  divides 
into  two  arteries,  of  which  one 
passes  fonvard  and  branches  to  tlie 
head  and  foot,  while  the  other 
passes  dorsalwards  to  the  ^'iscera. 
There  is  a  bull;,  extra-  or  intre- 
pericardial,  on  the  root  of  the 
aorta  in  some  forms  (Patella,  etc.). 
Tlte  arteries  terminate  by  opening 
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into  irregular  spaces  in  the  tissues  and  amongst  the  organs,  some 
of  which  spaces  liave  coalesced  or  dilated  to  give  rise  to  the 
perivisceral  cavity  (exclusive  of  the  pericardium)  of  thciic  animals. 
From  these  systemic  spaces  the  blood  passes  through  the  branchial 
(pulmonary)  vessels  to  the  respiratory  organs.  In  some  cases  there 
is,  in  addition  to  the  cteuidial  blood,  a  certain  amount  of  blood 
returning  to  the  auricle  from  other  parts  of  the  mantle,  e.g., 
Armaeidae,  Htleropoda,  Pleurohranchidae,  Pneunwdemiatidae,  Of 
these  the  Pleurobranehidae,  Ilelero- 
pofla,  and  some  Aemaeidne  do 
not  possess  secondary  hmnchial 
structures  on  the  mantle ;  but  in 
other  Acmaeidae  and  in  the  P/tm- 
moilerniaiidae  there  arc  secondary 
branchiae  in  addition  to  the  cteni- 


The  blood  U  generally  coloinlras ;  it  is 
red  in  I'lanorbi)  (liaeiiiO){Ioljin  io  the 
pluiiia),  and  in  certain  forms  has  a  blue 
tinge  (liaemocysnin).  There  is  a  blood. 
gland  on  the  aorta  in  some  Ofiistho- 
branctis(Bulloida,PI'-iirD£rnncAuj.Dorids); 
and  in  certain  Btreptoncuroni  Flalijpodn 
lliera  js  a  coiTee|<onding  organ  neur  the 
kidney,  coiumuniuating  uitli  tlie  auricle. 

Bespiratory  organs.  In  only  a 
small  niiniber  of  Gnstni]MKl,s  is  respi- 
ration ctfectoil  exclusively  thpnigh 
the  general  integunicnt  (some  Xudi- 
hranchs).  Uy  far  the  greater  ninuber 
breathe  through  gills,  and  many 
through  lungs ;  a  few  combine 
branchial  and  jiulmonary  rcspimtion. 

The  gills  are  either  typical  cte- 
niilia  contained    in    the  mantle-cavity,    or   freely-e.xjKJsed   btanclied 
processes  of  the  donvd  iiitegiinicnt  (some  Nudibmnchs). 

Excluding  the  Chilonvlae  (Fig.  305),  which  are  unlike  otlier 
Gastropods  in  having  a  mnnlier  of  pairs  of  ctenidia  tearing  two 
rows  of  lamellae  (i.e.,  bliiennate)  and  placed  in  the  hinder  jmrt 
of  the  mantle-groove,  there  are  never  luore  than  two  ctenidia  (Zygo- 
hranchs.  Fig.  306) ;  but  usually  an  asymmetrical  development  takes 
l>laee,  and  only  one  gill  (the  left)  remains  (Fig.  280). 


ipmed.  K  Uie 
}ij]K>bTuicblal 
nuKli^ :  r  tba 


in  Clauo). 
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The  Gastropod  ctenidium  is  (except  in  Chitonidae)  attached  by  the 
whole  or  greater  part  of  its  length  to  the  mantle-wall,  and  carries 
typically  (in  the  Aspidobranchs  and  Tectibranchs)  two  rows  of 
plates  arranged  perpendicularly  to  the  axis  (Fig.  296),  but  in  the 
more  specialized  Streptoneura  (Fig.  280)  one  row  of  plates  is  absent 
(it  is  I'educed  in  the  monobranchiate  Aspidobranchs).  In  the  former 
case  the  gill  is  said  to  be  hipectinate,  in  the  latter  mcmopeciinate. 

The  respiration  of  air  is  confined  to  some  Prosobranchs  and  to  the 
Pvlmonata.  In  this  case  the  mantle-cavity  serves  as  the  respiratory 
cavity,  but  it  differs  from  the  branchial  mantle-cavity  by  containing 
air,  and  by  possessing  instead  of  a  gill  a  rich  network  of  blood-vessels 
on  the  inner  surface  of  its  roof.  The  mantle-cavity  communicates 
by  a  long  slit  with  the  external  medium,  but  in  some  forms  it  is  very 
widely  open  (Tectibranchs),  and  in  others  the  opening  is  reduced 
to  a  small,  round  aperture  capable  of  being  closed  (Pulmanaia), 
Frequently  the  edge  of  the  mantle  is  prolonged  into  a  siphon  (see 
above,  p.  358). 

The  arrangement  of  the  respiratory  organs  is  of  importance  for 
the  classification  of  the  larger  groups.  According  to  their  position 
with  regard  to  the  heart  two  great  divisions  can,  as  Milne-Edwards 
has  pointed  out,  be  established:  (1)  the  Opistliohranchiata^  in  which 
the  auricle  and  gill  are  behind  the  ventricle;  (2)  the  ProsohranchiaiOj 
in  which  the  auricle  and  gill  are  in  front  of  the  ventricle  (Fig.  280). 
So  far  as  this  character  is  concerned,  most  Pvlmonata  are  Proso- 
branchiate;  but  the  Pulmonafa  in  many  features  of  their  organiza- 
tion, particularly  in  their  hermaphro<iitism,  stand  closer  to  the 
Opidthobranch  iata. 

In  some  aquatic  forms  the  ctenidium  is  entirely  absent,  and  respiration  is 
carried  on  either  by  the  mantle  and  integument  generally,  without  any  secondary 
branchiae  {LejKtidaCj  DermatobranchuSy  HderodoriSj  many  Elysiids,  Phyliirhoe, 
Clionidae,  Halopsychidae)^  or  by  secondary  branchiae  ;  these  may  be  in  the 
mantle-groove  as  the  branchial  plates  of  Patella^  or  on  the  external  surface 
of  the  niantle,  as  in  Clionopsis,  Notobraiichaeay  and  most  Nudibranchs. 

Some  littoral  forms  {Littorinay  etc.)  are  able  to  live  for  a  long  time  out 
of  water  and  habitually  do  so  when  the  tide  recedes  ;  in  such  cases  the  internal 
surface  of  the  mantle  may  be  modified,  and  in  Cerilhidea  obtusa  the  ctenidium 
even  completely  disappears.  In  Ampullaria  one  part  of  the  mantle-chamber 
is  modified  as  a  lung,  and  is  partly  separated  from  the  other,  w^hich  contains 
the  ctenidium  ;  such  forms  are  truly  amphibious.  Finally,  there  are  the 
so-called  land  Oi>erculates ;  these  are  streptoneurous  forms  in  which  the  ctenidium 
has  disapi)eared  and  the  mantle-cavity  is  completely  transformed  into  a  lung. 
Of  such  forms  we  have  the  rhipidoglossate  family — the  Helieinidac,  and  three 
families  of  the  Taenioglossay  viz.,  the  Cyclophoridaey  CydostomcUidae,  Aciculidae. 

In  the  Pulmonata  proper  the  ctenidium  is  entirely  absent  and  the  opening 
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of  the  mantle-cavity  (pulmonary  cavity)  much  restricted  :  in  the  Onchidiidae 
the  lung  sac  is  said  to  be  absent,  but  this  is  doubtful  (Bergh.  Morph,  Jahrb.  10). 
A  few  of  tlie  Pulnionata  liave  partly  or  wholly  reverted  to  an  aquatic  life 
(the  so-called  fresh-water  Pulmonata) ;  some  of  these  forms  {Limnaeidae)  are 
really  air-breathers,  and  make  periodic  visits  to  the  surface  to  procure  air, 
while  others  {Amphibola,  Siphonaria,  Oadinia,  Ancylus,  Limnaeidae  of  deep 
lakes)  are  truly  aquatic,  as  the  lung  sac  is  always  filled  with  water. 

Body-cavity.  In  Gastropoda  there  is  usually  a  well-developed 
perivisceral  cavity  in  relation  with  the  alimentary  canal  or  with 
the  anterior  part  of  it.  It  is  the  cavity  which  is  opened  up  in 
dissecting  the  alimentary  canal  of  Chitonidae,  and  the  anterior  part 
at  least  of  the  alimentary  canal  of  most  other  Gastropoda.  We 
may  call  this  cavity  the  perivisceral.  There  is  also  another  cavity, 
which  has  no  connection  with  the  perivisceral,  and  is  called  the 
pericardial  because  it  is  related  to  the  heart.  Whereas  it  is  quite 
certain  that  the  pericardial  cavity  is  a  pari  of  the  coelom,  the 
nature  of  the  perivisceral  cavity  is  doubtful.  By  most  anatomists 
it  is  regarded  as  haemocoelic  in  nature,  and  this  is  probably  the 
correct  view,  but  recently  it  has  l^een  interpreted  as  a  part  of  the 
coelom  at  least  in  the  Chitonidae.  This  view  is  not,  however, 
supported  by  any  evidence  anatomical  or  embryological,  for  the 
space  in  question  has  no  connection  with  the  nephridia  or  gener- 
ative organs,  and  has  not  been  traced  from  the  paired  cavity, 
which  appears  at  an  early  stage  in  the  development  of  Chiton 
and  is  probably  coelomic.  We  may,  therefore,  safely  say  that  so 
far  as  our  knowledge  at  present  goes  the  perivisceral  cavity  of 
Gastropoda  is  a  part  of  the  vascular  system,  and  therefore 
haemocoelic. 

It  has  been  recently  asserted*  that  in  some  of  the  Docoglossa  the  pericardium 
has  a  considerable  visceral  extension. 

The   coelom   of    the   GSrastropoda   is   in   three  sections:    (1)   the 

pericardium;  (2)  the  nephridia;  (3)  the  gonad. 

(1)  The  pericardium  is  in  relation  with  the  heart;  it  normally 
communicates  with  the  nephridial  system,  and  part  of  its  lining  is 
generally  glandular  and  forms  the  pericardial  gland.  It  has  no 
connection  with  the  blood  system. 

(2)  The  nephridial  part  of  the  coelom  will  be  described  below 
under  the  head  of  excretory  organs. 

(3)  The  gonad  retains  its  connection  with  the  rest  of  the  coelom 
only  in  the  Aspidobranchia^  in  which  it  communicates  with  the  right 
kidney.     In  Chitonidae  it  is  separated  both  from  the  nephridia  and 

•  B.  Haller,  ^'Studienilb.  Docoglosse  u.  Bhipidoglosse  Prosohrmichier^"  Leipzig, 
1894. 


376  MOLLUSCA. 

pericardium,  and  in  other  Gastroixxis  it  has  its  own  special  duct, 
wliich  has  l)een  interpreted  as,  and  probably  is,  a  persistent  portion 
of  the  otherwise  absent  right  (primitive  left)  nepliridium.  The 
developmental  evidence  in  favour  of  this  view  is  not  very  strong, 
but  we  may  hold  it  at  present  as  a  provisional  view.  In  no 
Gastropod  is  the  gonadial  section  of  the  coelom  in  direct  connection 
with  the  pericardial. 

Excretory  organs.  Tlie  kidneys,  or  organs  of  Bojanus,  of  the 
Gastropoda  are  tj'pically  paired  and  symmetrical,  somewhat  dorsally 
placed  near  the  pericardium,  and  open  externally  on  each  side 
into  the  mantle  -  cavity,  generally  not  far  from  the  anus,  and 
internally  into  the  i>ericardium  by  the  reno-pericardial  openings. 
This  typical  condition  is  found  in  the  Ckitonidue  (Fig.  308)  alone. 
In  all  other  Gastropods  the  kidneys  are  of  unequal  size,  and  in  all 
but  the  Aspidobranchiafa  there  is  only  a  single  kitlney,  the  right 
one  (primitive  left)  l)eing  al>sent  (Fig.  297). 

In  the  Aspidobranchs  there  are  two  kidneys  (except  the  Neriiidae); 
of  these  the  right  is  always  larger  than  the  left,  and  in  addition  to 
its  proper  function  discharges  that  of  generative  duct,  inasmuch  as 
the  genital  gland  oj>ens  into  it  (in  Haliotis  by  a  large  slit,  and  in 
Fissurella  on  a  papilla  not  far  from  the  external  opening.  Fig.  297 
b  and  c).  They  l3oth  open  into  the  mantle-cavity,  one  on  each  side 
of  the  anus ;  but  with  regard  to  their  pericardial  ojwning  there  is 
some  variation.  In  Trochiu*,  Turbo,  and  Haliotis  the  small  left  sac 
opens  into  the  pericardium,  while  the  right  kidney  is  without  the  j>eri- 
cardial  opening.  In  Fissurella,  Emarginvia,  Patella,  etc.,  it  is  said 
by  some  authoi-s  that  neither  of  the  kidneys  have  the  reno-j>ericardial 
opening;  whereas  in  Lottia,  and  according  to  other  authors  Patella 
and  Fissurella,  the  right  kidney  sac  alone  has  a  pericardial  0}>ening* 
(Fig.  297  b).  In  other  GastrojMxls  thei-e  is  only  one  kidney,  the  left 
(primitive  right) ;  it  ojxius  externally  near  the  anus,  generally  into 
the  mantle-cavity,  but  sometimes  it  oj)ens  with  the  anus,  with  or 
without  a  long  ureter,  and  there  is  a  common  cloaca  (some  Pulmo- 
nates,  Pteropoda  Gymnosmnata) ;  internally  it  opens  by  a  ciliate<l 
orifice  into  the  pericanlium  (Fig.  297  e).  In  Paludina  there  are 
two  kidneys  in  the  embryo,  but  the  one  on  the  right  side  disappears 
in  the  course  of  development. 

In  the  simi)lest  cases  the  kidney  is  a  sac  with  glandular  walls,  but 
it  may  acquire  a  spongy  texture,  or  it  may  consist  of  a  non-glandular 

*  R.  V.  Erlanger,  '*  On  the  paired  nephridia  of  Prosobranchs,*'  Q.J,M,S,  38, 
p.  .587. 
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sac  giving  off  branching  glandular  tubes  (Ckilonidae,  some  N^udi- 
branchs). 

Pericardial  glands  are  present  as  differentiations  of  the  lining  of 
the  pericardium. 

OeneratlTe  orguis.  The  Streptoneura  are  dioecious,  with  the 
exception  of  Valvala,  MarKnina,  Onehidiopeis,  Ododomia,  and  Ento- 
etmcha  ;  the  Eutkj/tieura  and  these  five  genem  are  hemiaphtodite. 

In  the  dioecious  forms  there  is  usually  but  little  to  mark  the 
sexes  externally,  unless  a  penis  be  present.    The  generative  gland 
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is  a  racemose  body  placed  at  the  dorsal  summit  of  the  visceral 
mass  in  the  liver.  In  the  Aspidobranchs  as  already  mentioned  it 
opens  into  the  right  kidney,  and  there  is  no  penis.  In  the  Neri- 
tidae  and  Pectinibranchs  it  has  its  own  duct,  which  passes  along 
the  right  side  of  the  rectum  (Figs.  280  and  297  e)  and  opens  into 
the  mantle-cavity  not  far  from  the  anus. 

The  penis,  which  is  very  generally  present,  is  a  muscular,  non- 
invaginable  process  of  the  neck  of  the  animal  (Fig.  280)  on  the 
right  side ;  and  there  is  a  ciliated  groove,  for  the  conduct  of  the 
sperm,  leading  from  the  male  opening  in  the  mantle-cavity  to  the 
penis,  and  along  the  penis  to  its  end  (Amptdlarta,  Liitorinidae, 
Naticidae,  Ci/praeidae,  Heteropoda,  Murex,  Dolium,  Stromhus). 
In  many  forms,  however,  this  groove  is  closed  into  a  canal  so 
that  the  vas  deferens  is  continued  as  a  tube  to  the  end  of  the 
penis  (Fig.  280). 

There  are  not  usually  accessory  glands  in  the  dioecious  Gastro- 
pods, but  in  some  fonns  there  is  a  glandular  region  in  the  oviduct, 
which  secretes  albumen,  and  there  is  a  receptaculum  seminis  in 
Neritidae,  FaliuH7iidae,  Hetei'opoda,  etc. 

In  the  hermaphrodite  Streptoiieura  there  may  be  an  herma- 
phrodite duct  leading  to  the  external  opening,  or  dividing  into 
male  and  female  portions,  which  open  separately;  and  the  accessory 
glands  are  more  developed  than  in  the  dioecious  forms. 

In  the  Euthyiieura  the  organs  are  more  complicated.  The 
generative  gland,  which  has  the  same  relations  as  in  the  Strepto- 
iieura, may  be  itself  hermaphrodite  to  its  ultimate  follicles;  or  the 
male  and  female  follicles  may  be  separate,  several  female  follicles 
being  grouped  round  and  opening  into  a  central  male  follicle 
(Pleurobrauchs,  most  Nudibranchs).  In  the  streptoneurous  form 
Entoconcha  alone  are  the  male  and  female  parts  quite  separate. 

There  is  always  a  single  hermaphrodite  duct  leaving  the  ovo-testis. 
In  the  simplest  cases  it  is  undivided  (monaulic)  and  passes  to  its 
opening  on  the  right  side ;  from  the  latter  passes  a  seminal  groove 
along  the  side  of  the  body  to  the  penis,  which  is  placed  in  front 
(Bullids,  Aplysids).  In  Vcdvata^  Pleurobranchidae,  most  Kudi- 
branchs  and  Pulmonates  the  duct  is  diaulic,  t.e.,  at  a  certain  point 
in  its  course  it  divides  into  the  male  part — the  v<i8  deferens, 
which  passes  to  the  penis,  and  into  a  female  part — the  oviduct, 
which  passes  to  the  female  opening.  In  the  diaulic  arrangement 
the  male  and  female  openings  are  either  remote  from  each  other 
(Valvaia,  most  Basonimatophora,  Onchidium,  Vagintdtis),  or  close 
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together  (most  Nudibrancha),  or  tlie  two  ducts  join  again  to  open 
into  a  common  cloacn  {Stylommaiophora,  Sipkonaria)  (Fig.  298). 

There  is  a  receptnculum  seminis,  which  opens  into  the  hcnna- 
phrodite  duct  in  the  monaulic  forms,  and  into  the  oviduct  (vaginal 
part)  in  the  diaulic  forms;  in  the  Dorids  and  Elysids  tliis  structure 
not  only  opens  into  the  oviduct  but  communicates  directly  with 
the  surface  of  the  body  by  a  tube  which  may  be  called  the  vagina. 
The  vagina  opens  close  to  the  oviduct.  This  is  the  tiianlic  arrouge- 
ment,  and  recalls  that  of  the  Tremaloda. 

The  penis,  which  is  always  invaginable,  is  cephalic  in  Fulmonates, 
pedal  in  most  Opisthobranchs. 

The  accessory  glands  are  numerous  in  the  hermaphrodite  forms 
(Fig.  298).  In  addition  to  the  receptaculum  seminis  already  men- 
tioned, there  is  generally  an  albuminous  gland  in  connection  with  the 
hermaphrodite  duct,  and  a 
mucous  gland  (multifid 
vesicles  of  Helix)  opening 
into  the  vaginal  part  of  the 
oviduct.  In  some  Hetieidae 
ft  peculiar  sac — the  daii-sac 
— wliich  produces  in  its  in- 
terior a  dart-like  calcareous 
rod,  opens  into  the  vagina 
between  the  two  groups  of 
multiSd  vesicles.  This  rod 
— the  so-called  love-dart — is 
attached  to  a  papilla  at  the 
base  of  the  sac ;  it  is  pro- 
truded during  copulation, 
and  seems  to  play  the  part 
of  a  stimulating  organ.  It 
is  usually  broken  off  during 
use,  and  often  remains  in  the 
body  of  the  other  snail. 

The  vns  deferens  often 
presents  a  prostatic  gland, 
which  in  sonio  forms  is  in 
close  connection  with  the 
evaginable  jtenial  part,  and  ia  called  the  flagellum. 

The  hermaphro<lite  forms  appear  as  a  rule  to  be  protnndrous,  and 
rarely,  if  ever,  self-fertilizing.     It  is  stated  tliat  specimens  o 
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and  Limnaea^  which  liad  been  kept  isolated  all  their  lives,  have 
been  known  to  lay  eggs,  from  which  young  were  hatched ;  but  these 
may  have  been  cases  of  parthenogenesis,  a  phenomenon  which  has 
of  late  been  observed  in  quite  unexpected  quarters. 

In  some  Giistropods  (Paludinay  Anqmllai'ta,  and  some  species  of 
Murejc)  two  kinds  of  spermatozoa  are  produced  in  the  same  gonad. 
One  of  these  is  hair-like  and  the  other  vermiform.  The  meaning 
of  the  phenomenon  is  unknown,  but  it  appears  that  the  former 
alone  conjugate  with  the  ovum. 

Fertilization  is  nearly  always  internal,  and  brought  about  by  copulation,  which 
in  hermaphrodite  forms  with  contiguous  openings  for  male  and  female  may  be 
reciprocal ;  but  in  Chitonida^j  Patella,  Haliotis,  and  other  forms  without  a  penis, 
it  is  probable  that  it  takes  place  externally  in  the  sea  (it  certainly  does  so  in 
Chiton).  In  such  forms  also  the  eggs  are  often  laid  singly  and  without  any 
accessory  j)rotective  capsule  {Patellri,  Haliotis,  Chiton),  though  in  FissurcUa  they 
are  embedded  in  jelly.  In  aquatic  forms  the  eggs  are  generally  united  in  masses 
of  gelatinous  matter,  which  may  be  rounded,  elongated,  or  ribbon -shaped,  and 
are  attached  to  plants  or  other  bodies  (fresh -water  Pulmonates,  Opisthobranchs, 
Bithynia,  Valvaia,  Ueteropoda,  etc.).  In  Strejdoncura  several  eggs  floating  in 
albumen  are  generally  enclosed  in  hard  and  coriaceous  cajwules  or  cocoons,  and 
it  often  happens  that  all  the  eggs  in  a  cocoon  do  not  develop,  some  serving  as 
food  for  the  others.  The  eggs  of  Natica  are  embedded  in  albumen  mixed  with 
sand,  and  have  the  appearance  of  a  sandy  ribbon.  In  some  Streploacura  the 
eggs  are  attached  to  a  ^wtrt  of  the  body  or  shell,  e.g.  Vcrmettis  on  the  inside 
of  the  shell,  Neritu  on  the  outside.     In  lanthina  they  are  attached  to  the  float 

In  Stylovimatophora  the  eggs  are  laid  singly,  and  are  often  remarkable  for 
their  size  ;  in  Bulimus,  Achatina,  and  some  species  of  Helix  they  are  as  large  as 
the  eggs  of  small  birds,  and  provided  witli  calcareous  shells.  In  such  cases, 
however,  the  ovum  itself  is  small,  the  mass  of  the  egg  consisting  of  albumen. 
The  young  of  Helix  }Valtoni  when  fii^st  hatched  is  about  the  size  of  a  full-grown 
Hdix  horteiisis.  In  Helix  hortensis  and  aspersa  the  eggs  are  laid  in  hollows  in 
the  ground  and  covered  with  earth.  In  some  species  of  Falndina,  Mclania, 
Littorina,  Cyniha,  lanthina,  Clausilia,  Helix,  Pupa,  and  Vitrina  the  eggs 
develop  in  the  uterus,  and  the  young  are  born  fully  develojHjd. 

The  development  begins  with  an  unequal  segmentation  leading  to 
the  formation  of  a  blastula  and  gastrula.  The  blastopore  varies  in 
its  fate :  it  often  has  a  slit-like  form,  and  a.s  a  rule  it  closes  up  from 
behind  forwaixls  either  entirely  or  pei-sists  as  the  mouth-opening. 
In  Palvdina,  however,  it  pei-sists  as  the  anus.  Thei*e  is  a 
well -developed  stoniodaeum,  giving  rise  to  the  buccal  cavity  and 
a  short  proctodaeum.  The  mesoderm  is  derived  from  the  endoderm 
near  the  blasto])ore  (or  according  to  Tcinniges  from  the  ectoderm 
along  the  site  of  the  blastopore  in  Paludina\  and  often  gives 
rise  to  two  mesoblastic  bauds,  which  in  Chiton  and  some  other 
forms   early   exliibit  a  cavity.      In    Chiton,   however,   the   fate   of 
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thia  cavity  is  unknown;  it  appears  to  break  up,  at  any  rate  it 
has  not  l>een  traceil.  In  some  other  forms  (PalwHna,  Bilhynia) 
V.  Erlanger*  has  shown  that  it  gives  rise  to  the  pericardium, 
kidney,  and  gonad.     The  same  observer  also  asserts  that  in  Paluih'na 
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it  is  developed  as  a  bilobed  outgrowth  of  the  primitive  gut  of  the 
embryo  in  the  neiglilwurhood  of  the  blastopore,  t  In  the  land 
Pulmonates  the  young  are  lx)rn  with  the  adult  form,  and  tliete  are 
but  veiy  slight  traces  of  a  velum  in  the  development,  but  in  most 
Ga»tropoila  the  young  leave  the  egg-membranes  aa  a  trochosphere 
larva  (Fig.  299  d),  which  very  soon 
acquires,  if  it  does  not  already 
possess  them,  a  shell-gland  as  an 
ectodermal  invagination  of  the 
extn-velar  dorsal  surface,  and  a 
rudiment  of  the  foot  aa  a  pro- 
jection of  the  ventral  surface 
{Fig.  299  d).  The  shell-gland  may 
or  may  not  secrete  a  chitinous 
[dug,  but  in  the  veliger  stage 
(Fig.   300),   which  follows  the  tro- 

■  R.  V.  Erlanger,  "  Zur  Entwick.  d.  Paludioa  vivipar*,"  Ft.  1  *nd  2.  itorph. 
John.,  Bd.  17,  1891,  and  "  Zur.  Ent  v.  Biihsfnia  tenlaeulata"  ifiih.  Zool.  Slat. 
Ifnpel.,  Bd.  10,  1892. 

t  This  ia  denied  by  Tuoniges,  who  UMrU  that  tbe  mesoderm  in  Fatudina 
is  derived  from  tlie  ventnl  ectwerm  along  the  line  of  the  blsBtopare.  ytJe 
Z.f.  w.  Z.,  81,  1898. 
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cliospliere,  it  flattens  out  and  secretes  a  plate-Uke  ehell,  which 
witli  the  development  of  the  visceral  sac  acquires  n  cap-like  fotm. 
At  th«  name  time  tlio  dorsal  integument  at  tlie  edge  of  the  shell  ia 
formed  into  an  annular  fold,  encircling  the  visceral  sac.  This 
is  the  mniitle-fold ;  it  becomes  especially  deepened  on  the  right 
side,  and  gives  rise  to  the  rudiment  of  the  mantle-cavity.  The 
preoral  part  of  the  body  along  the  line  of  the  ciliated  ring  ia  pro- 
longed into  2,  4,  or  6  processes,  and  forma  the  definite  velum 
or  sail  of  the  veliger  larva.  The  foot  also  becomes  much  more 
prominent,  and  develops  in  most  cases  an  operculum  on  its  hind 
end  (Fig.  300). 

While  these  changes  are  going  on,  the  visceral  sac  and  shell 
become  coiled  in  a  nautiloid  fashion,  and  at  the  same  time  more 
developed  on  the  left 
side  than  on  the  right; 
the  beginning  of  this 
asymmetry  has  already 
been  indicated  by  the 
development  of  the 
mantle-cavity  somewhat 
on  the  right  side  of  the 
visceral  sac.  It  soon 
becomes  more  marked 
and  results  in  the 
mantle-cavity  coming  to 
lie  on  the  anterior  side 
of  the  visceral  sac,  and  in  the  commencement  of  that  dextral  spiral 
twist  of  tho  visceral  sac  and  shell  which  is  characteristic  of  so  many 
Gastropoda. 

The  vascular  system  arises  as  a  set  of  spaces  in  the  mesoderm ;  it 
is  customary  to  state  that  these  spaces  aT«  persistent  remnants  of  the 
itegnientation-cavity,  but  it  is  very  doubtful  if  there  is  any  meaning 
in  tliia  statement. 

The  larva  often  jiossessea  some  other  special  organs  which  deserve 
mention :  these  are  the  cmiiractile  sinuses  and  the  larval  kuliieift. 
Tho  fonner  are  blister-like  projections  of  the  integument,  with 
muscular  walla  ;  they  are  supposed  to  assist  in  the  lar^-al  circidatioii, 
and  arc  found  in  various  jtarts  of  tlie  body,  e.g.,  foot  The  latter 
(Fig.  299  il)  arc  a  pair  of  glandular  tubes  which  open  externally  just 
outside  the  velar  area  on  each  side.  It  has  been  stated  that  they 
have  internal  openings  into  the  blastocoel,  but  the  opposite  has  also 
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been  stated,  and  the  balance  of  evidence  is  against  the  existence  of 
such  openings. 

Metamorphosis  of  the  larva  into  the  adult.  However  sym- 
metrical the  adult  may  appear  to  be,  the  larva  (except  in  the 
Chitonidae)  always  presents,  after  the  trochosphere  stage,  an 
asymmetrical  development  of  its  visceral  sac,  and  there  is,  in 
almost  all,  a  shell  more  or  less  nautiloid  in  character,  and  generally, 
though  less  invariably,  an  operculum.  In  the  great  majority  of 
Euthyneura  the  shell  is  lost  in  the  adult,  and  the  operculum,  mth 
a  very  few  exceptions,  also  disappears  in  the  same  group.  In  some 
oases  the  larval  shell  is  replaced  by  a  permanent  shell. 

The  asymmetry  sometimes  appears  before  the  anus  and  mantle-cavity 
are  formed,  in  which  case  the  visceral  sac  becomes  more  developed  on 
the  left  side,  and  the  anus  and  mantle-cavity  appear  on  the  right  side 
and  then,  by  the  relative  growth  of  parts,  shift  forwards  along  the 
right  side  until  they  are  placed  on  the  anterior  face  of  the  visceral 
sac.     In  cases  in  which  the  anus  appears  before  the  asymmetry, 
e.(7.,  Paludina^  it  and  the  mantle-cavity  are  at  first  posterior  and 
median ;    they   then  gradually  pass  round   to  the  right  side,   and 
so  to  the  anterior  face  of  the  visceral  sac,  this  shifting  being  accom- 
panied by  a  greater  growth  of   the  visceral  sac  towards  the  left. 
This  movement  of  the  anus  and  mantle-cavity,  if  viewed  from  the 
dorsal  surface,  has  been  in  a  direction  opposite  to  that  of  the  hands 
of  a  watch,  and   has   consisted  of  a  twisting  of  the  visceral  sac 
about  an  axis,  which   may  roughly  be   described  as  dorso-ventral, 
through  an  angle  of  180°,  so  that  the  original  posterior  face  of  the 
visceral  sac  becomes  the  actual  anterior  face,  and  the  visceral  organs 
of  the  original  right  side  become  placed  on  the  left,  and  vice  versa. 
But  in  all  Gastropods,  except  the  Aapidohranchiata^  the  organs  of  the 
original  left  side  of  the  visceral  sac  are  either  not  develoi>ed,  or, 
if  they  are  developed,  disappear;  consequently  the  anus,  instead  of 
opening  into  the  middle  of  the  mantle-cavity,  is  on  its  right  side,  and 
the  actual  right  gill,  osphradium,  kidney,  and  auricle  are  not  present. 
This  torsion  of  the  visceral  sac  round  a  dorso-ventral  axis  in  a 
direction  opposite  to  that  of  the  hands  of  the  watch  when  viewed 
from  the  dorsal  pole,  is  not  the  only  twisting  the  visceral  sac  under- 
goes.    It  also  twists  round  a  horizontal  axis  passing  from  right  to 
left  in  such  a  manner  as  to  form  a  spiral.      If   this  twisting  be 
supposed  to  have  taken  place  before  the  torsion  first  described,  the 
visceral  sac  must  have  fallen  forwards,  and  so  formed  a  coil  like  that 
of  the  shell  of  Nautilus  on  the  anterior  side:  such  a  coil  is  called 
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ezoKastric  (Fig.  303).  But  when  the  visceral  sac  hi 
tJio  torsion  just  described,  which  resulted  in  its  anterior  face  becomiog 
posterior,  this  coil  ir<)ultl  naturally  be  on  the  hinder  face  of  the 
viBcenil  sac  (Fig.  303).  Such  a  coil  is  secondiuiiy  endogastric  and 
is  the  pennaneDt  condition  in  the  ordinary  dextral  visceral  sac  of 
moat  Gastropoda. 
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lilney.  ■uncle,  luve  become  plK*d  on  tha  lalt  aide.  The  rlecersl  oomniiHiira  bu  becone 
■ieUil  into  ■  llgiire  or  8  loop.  The  outline  or  tbe  TiM«m  nc  in  indicated  bf  the  dotted 
nt.  naiiui;  l.aiirleftaurlcle;  In  C,  l.aur  potnta to  the  right  auricle; /root;  [.d  primlUie 
M  gill :  I.V  pHiniUve  left  riicfnt  ganglion  (sDb-lntenUiKl):  n  mouth ;  mm  edfte  of  mastle- 
ild;  r.ct  primitive  right  gill:  r.v  primltlTc  right  viacanl  ganglion  (aupn-intertlnal) : 
tentacle;  if  ventricle ;  >.c  vlecnal  commlaaura ;  v,j  outlln*  of  Tiacwti  ne. 
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A  glaDce  at  the  accompaujing  diagtam  will  explain  the  effect  of 
the  firat-described  toisioa  about  the  dorBO-ventrai  axis  upon  the 
otgans  of  the  visceral  sac,  and 
the  course  of  the  peculiar  figure- 
of-8  loop  of  the  visceral  com- 
missure. WTiy  the  organs  of 
the  primitive  left  aide  disappear 
in  so  many  Gastropods  is  not 
clear,  but  their  disappearance  is 
doubtless  connected  in  some  way 
with  the  torsion,  and  consequent      „      ,™,     ,      „  ^  j_.    ,  > 

'  ^  FiQ.  SOS.— .^Mptillorla  wrjiH  ariaii  (r*go« 

asymmetry  produced  in  the  parts  BDinwi),  itiiistratiiig  the  spjm  tonion  at 
affected  bv  the  torsion.  I,  '.  'Ti™  i"1  '  i.,  i.',i,^  i  "  i  * 

oonionUJ  Ilia,  in  which  th«  vlK«n]  hc 
In     some     groups     there    is     a  h"  sppsrently   fallen    taokwinlB  (endo. 

tendency  for  the  visceral  sac  to  ST^c^"' thr\7« ^"1^ 3S^° 
flatten  out  into  a  conicul  fonn,  and  iwiswd  »  t!i»i  its  himitr  Horiice  ia  in 
for  the  nautiloid  shell  to  become 

conical  {Patella,  Fugureila,  Aply»ia,  Pleurobranekus,  Doris,  etc.). 
Tliis  is,  however,  a  purely  secondary  feature,  for  the  young  possess 
the  typical  nautiloid  shell,  and  in  some  cases  the  stages  of  the  loss 
of  the  spire  can  Iw  completely  foUowed. 

This  acquisition  of  a  secondary  symmetry,  which  is  found  very 
commonly  in  the  Eufhyneura,  must  not,  however,  be  confused  with 
a  tendency  to  detoraion  of  the  visceral  sac  which  is  found  in  most 
Euthyneura.  It  shows  itself  in  the  shifting  back  of  the  anus  well 
on  to  the  right  side  and  even  to  the  liiiid  end,  and  in  the  untwisted 
condition  or  only  partially  twisted  condition  of  the  visceral  loop  (see 
account  of  Actaeon  and  allies).  Formerly  this  condition  was  looked 
upon  as  an  arrested  stage  in  the  torsion,  but  liaving  regard  to  the 
arrangement  of  the  visceral  conunissuie  in  Aetaeun  and  its  aUies,  and 
to  the  fact  that  in  the  suppression  of  the  organs  of  the  right 
(primitive  left)  side  the  Euthyneura  are  aa  specialized  as  the  most 
specialized  Streptoneura,  it  is  more  probable  that  the  condition 
referred  to  is  due  to  detorsion.  Forms  in  which  the  anus  is 
secondarily  shifted  backwards  almost  always  present  a  reduction 
or  disappearance  of  the  mantle  and  shell  {Pteroiraehea,  Aplysia, 
Dorids,  Janm,  Ahleria,  Limaponiia,  Teetaeella,  Onchidium,  VagintUue). 

By  far  the  majority  of  the  Gastropoda  are  marine.     Almost  the 

whole  of  one  group  of  the  Pulnwnala  [Basommatf^hora)  and  the 

following  Streptoneura  live  in  freah  water— some   Neritidae,   the 

Ampullariulae,  Paludinitlae,  Valvalxdae,  BUhyttiulae,  Hydrobiidae, 
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some  Ceriihiidae,  the  Melaniidae^  Creinnocoyichus,  Canidia,  The 
Pulmonata  Sfylommatophora  and  certain  Sfreptoneura  (Helicinidae^ 
Cyclqphoridaey  CyclostomaHdaje^  Aciadidae)  are  terrestrial.  Many 
Littorinn,  CmthiuWy  Melanin^  etc.,  live  in  brackish  water.  Many 
branchiate  Gastropods  are  able  to  live  for  some  time  out  of  water 

in  dry  places;  in  such  circumstances 
they  are  withdrawn  into  their  shells, 
the  opening  of  wliich  is  closed  by 
the  operculum.  Almost  all  move  by 
creeping;  some,  however,  as  Strom- 
fms,  jump ;  others,  as  OUva  and 
Ancillaria  swim  excellently  by  the 
aid  of  the  lobes  of  their  foot.  Some 
marine  forms,  e.g,^  Magihis,  VermeiuSj 
etc.,  are  fixed  by  their  shells;  a  few 
only  are  parasitic,  as  SHlifer  on  Sea- 
urchins  and  Starfishes,  Entocoficha  in 
Synapta.  The  method  of  nutrition 
differs  as  much  as  does  the  habitat 
Many,  especially  the  siphonostomate 
forms,  are  voracious  predatory  animalf^ 
and  prey  on  livmg  animals ;  some,  as 
Murex  and  Naiica^  with  this  object 
bore  into  the  shells  of  Molluscs; 
several  (Strojubus,  Bticctnum)  prefer 
dead  animals.  An  equally  large  num- 
ber, viz,  almost  all  Puhnonates  and 
holostomatous  branchiate  Gastropods, 
feed  on  plants.  More  than  17,000 
species  are  known :  they  are  found 
on  all  parts  of  the  earth ;  in  the  deep 
sea  to  a  depth  of  2650  fathoms,  and 
from  the  Himalayas  above  the  snow 
line.  Geologically  they  are  foimd 
at  the  very  commencement  of  the 
palaeozoic  epoch  in  the  Cambrian,  and  the  genus  Helix  (Zonites 
Montf.)  is  known  in  the  Carboniferous. 


Pio.  804.— Shells  of  A  Pleurotonxaria^ 
Ji  Polytremaria^  C  and  E  Emarginuiat 
D  Haliotis,  F  Fiasurtila,  Q  aud  H 
stages  in  the  growth  of  the  shell  of 
FiwurtUa. 
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Subclass  1.     ISOPLEURA*  (PLACOPHORA). 

Sywtiietrieal  Gadroporla,  trilli  inetammc  re/ieHtion  of  the  denidia 
and  thell-platfis. 

Ill  this  sub-closa  the  head  is  without  tentacles  and  sense-oi^ns. 
The  foot  ocuupies  the  greater  part  of  the  ventral  surface,  and  has 
a  broad  flat  sole  (in  Cryptojilax  the  foot  ia  narrow).  The  mantle 
occupies  the  whole  dorsal  surface,  and  completely  hides  the  head. 
The  visceral  sac  ia  flattened  and  not  drawn  out  into  a  dome.  The 
mantle-fold  encloses  a  shallow  groove  which  completely  surrounds 
the  Ixxly,  and  i*)  roiighlj  of  uniform  depth  throughout.  The 
ctenidia,  .which  are  bipectmate  and  projectmg   arc  attached  to  the 


floor  of  this  groove,  generally  in  the  hinder  part,  hut  in  some 
fomiB  they  extend  forwards  nearly  to  the  head;  they  vary  in 
number  from  six  to  eighty  pairs. 

The  shell-plates,  of  which  there  are  eight,  are  partly,  and  in 
Crypforhifon  wholly,  embedded  in  the  mantle;  each  plate  is  over- 
lapped by  the  plate  in  front,  except  in  Cnjjitoplax  {Ckittmellvs),  in 
which  the  plates  do  not  touch  (Fig.  306).     The  parts  of  the  mantle 

*  A.  Th.  Midiiondorf,  "BeitraRe  zu  einer  Malacozoologica  rossica,"  Him. 
Acad.  Imp.  Felcriburg,  1S48.  A.  Sedgwick,  "On  certain  points  iu  the  anatomy 
of  Chiton,"  Proc.  Boy.  Soc.,  1881,  H,  Simroth,  "Jfolluaca"  in  Bronn^s 
Klaiam  u.OrdKwigcn,  lS93-di.  I.  Blumrich,  "Dsa  Integument  dei  ChitDiien," 
Z. /.  w.  Z.,  62,  1881.  A.  C.  Haddon,  "Report  on  the  Polyplacopbora," 
Challenger  Seports,  Pt  43,  ISSS. 


not  covered  by  the  plates  bear  spicules,  which  ore  inBerted  m 
ectodermal  pits 

The  mantle-groove  contains  in  addition  to  the  gills,  the  anus  on 
a  short  ]iapilla  in  the  middle  line  IjeJiiud,  and  on  eacli  side  the 
opening  of  tl  e  ki  Inej  and  in  front  of  that  the  opening  of  tlie 
generatue  du  t  (Fi^    SOt) 

In  the  nerrons  aystem  (hig  307)  the  nerve-cdis  are  not  con- 
centrated into  ganglia,  but  ire  diffused  along  the  main  nerve 
trunk"  Tliere  are  two  pairs  of  main  longitudinal  trunks — the 
]ielal  in  the  foot  and  the  pallud  along  the  mantle-groove.  The 
foniiLr  are  connected  bj  a  immber  of  commissures  throughout 
their  evtent      The  latter  tupply  the  mantle,  gills,  and  os|)hradia, 


and  to  a  certam  extent  the  nscera,  and  end  liebind  by  running 
into  me  an  tl  er  dorsal  to  the  rectum ;  they  are  to  be  regarded 
as  corresponding  to  the  mantle-nervea,  and  partly  as  tlie  much 
extended  pleural  ganglia  of  other  forms.  These  two  cords  oo  each 
side  join  in  front  and  the  single  ganglionic  cord  passes  roimd  the 
oescphagus  to  unite  ivith  its  fellow  across  the  middle  line  dorsal 
to  the  oesoph  igus  This  broad  ganglionic  band  corresponds  generally 
to  the  cercbrd  ganglia  of  other  forms. 

The  visceral  commissure  (Pig  307,  VII)  is  given  off  from  the 
puUial  ner\e<4  close  to  where  these  join  the  pedal  cords,  and  passes 
only  a  short  distance  backnards  ventral   to  the  alimentary  canal. 
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It   has  a  pair  of  small  ganglia  posteriorly  near  the  anterior  part 
of  the  stomach. 

The  stomatogastric  commissure,  with  its  contained  buccal  ganglia, 
arises  from  the  point  of  division  of  the  cerebral   into  pallial   and 
pedal  trunks,  and  passes  between  the  buccal  mass  and  oesophagus. 
Finally,   there   is  another  suboeso- 
phageal  commissure  with  a  pair  of 
small     ganglia    arising     from     the 
labial    commissure    and    supplying 
the  subradular  organ. 

Sense  organs.  The  edges  of  the 
snout  or  head  are  extended  into 
short  labial  palps.  On  the  floor 
of  the  mouth  just  in  front  of  the 
radula  is  a  small  epithelial  projec- 
tion, which  is  supposed  to  be  a 
sense-organ — the  subradular  organ. 
The  shell -pieces  are  traversed  by 
fine  nerve-cords,  which  end  in  the 
megalaesthetes  and  the  micraes- 
thetes.  These  are  sensory  epithelial 
papillae,  and  in  some  forms  the 
megalaesthetes  are  modified  into 
eyes  (Moseley),  with  a  calcareous 
cornea,  a  lens,  and  a  pigmented 
envelope.  It  has  been  asserted  that 
the  osphradia  are  multiple — one  at 
the  base  of  each  ctenidium — but  it 
is  doubtfid  whether  there  ai*e  any 
structures  corresponding  to  the 
osphradia  of  other  Gastropods. 
Ridges  of  high  epithelium  contain- 
ing sense-cells  have  been  described 
in  the  mantle-groove. 

The  alimentary  canal  begins 
vnth  the  mouth,  which  is  placed  on 
a  projection  in  front  of  the  foot,  the  head  or  snout ;  it  passes  back 
to  the  anus,  which  is  median  and  posterior.  The  radula  is  well 
developed,  and  its  formula  is  (3  -H  1)  •  (2  -H  1)  •  3  •  (1  +  2)  (1  -H  3).  There 
are  two  salivary  glands  with  very  short  ducts.  The  oesophagus  is 
short,  and  is  extended  into  a  glandular  pocket  on  each  side.     The 


Fio.  307. — Central  nervous  system  of 
Chiton  seen  from  the  dorsal  side.  The 
anterior  and  ]K)st4^rior  ends  of  the 
alimentary  canal  are  represented  dla- 
grammatically  in  their  relation  to  the 
nervous  system  (modified  from  Pel- 
seneer).  /  stomatogastric  commissnre 
(buccal) ;  //  labial  commissure ;  /// 
pedal  cord;  /F  anus;  V  supra-rectal 
pallial  commissure  ;  VI  pallial  cord  ; 
VII  visceral  commissure;  VIII  sub- 
radular commissure ;  IX  cerebral  com- 
missure ;  X  mouth. 
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stomach  is  large  and  surrounded  by  the  large  liver,  the  ducte  of 
which  it  receives.     The  intestine  is  long  and  coiled. 

Bodf-cavity.  There  is  a  well-marked  peri  visceral-cavity  in  rela- 
tion with  the  alimentary  cannl.  Its  nature  is  not  certain,  for  its 
development  is  not 
known,  and  it  is  not 
connected  with  the 
pericardium.  Provi- 
sionally it  may  be  re- 
garded as  haemocoele. 
Coelom.  The  peri- 
cordial  cavity  placed 
nt  the  hiud  end  on 
the  dorsal  surface  is 
undoubtedly  coelo- 
mic,  for  although  it 
has  no  connection 
with    the    gonad,   it 


opei 


the 


nephridia. 

The    heart    (Fi^'- 
308)    consists    of    a 
median     ventricle 
giving  off  an  anterior 
aorta,    and    of     two 
symmetrical  auricles, 
each    of    which    has 
two     openings     into 
the    ventricle    (in 
Chifon  magnificut  it 
has  recently   been 
stated  that  there  are 
four  openings  on  eiicli 
side*).      Tlie    blood 
flows  to  tlie  auricles 
from  the  gilla. 
Excretoiy  organs.     There  are  two  kidneys  (Fig.  308),  each  con- 
sisting of  bent  tubes  of  the  typical  Molluscau  type  with  glandular 
diverticuk.    They  open  into  the  pericardium  on  each  side,  and  to  the 
exterior  in  the  mantle-groove  between  two  of  the  posterior  ctenidia. 
*  B.  Haller.     Btitritge  zi 


-Donal  Tieur  of  tho  kidneja,  emiritin'  orgM'. «"! 
t  CkUm  ditrrrjuiu  (niodinfil  ancr  HedgnLcli).  i 
t  clen^ia;  ^A  gsDentlvv  duct;  g.o  opening  o 
|T«  duct  Into  th«  niAntle-eroovv ;  gow  gftnenitiTi 


of   kldn«; 


inrt.  the  m 


>r  perlcaitliun 


LP  Kenntniss  der  Flacapborcn,  Morph.  Jahrb,  21. 
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Qenerative  organs.  The  sexes  are  separate,  and  the  generative 
gland  is  single  and  median,  and  occupies  the  dorsal  part  of  the  body 
just  in  front  of  the  pericardium,  with  which,  however,  it  has  no 
connection.  The  generative  ducts  are  paired,  and  arise  from  the 
hinder  end  of  its  ventral  surface;  they  are  curved  on  themselves 
near  their  origin,  and  in  the  female  have  a  glandular  enlargement  on 
their  course.  They  open  into  the  mantle-groove  a  little  in  front  of 
the  renal  openings  (Fig.  308). 


fl. 


cB. 


c. 


/-».. 


Fio.  809. — A  larva  of  Chiton  marffinatua  (after  Loven).  B  embryo,  and  C  lan-a  of  Chiton  polii 
(after  Kowalevsky)  from  Korachelt  and  Heider.  a  eye;  k  radlinent  of  shell^plates ;  m 
month ;  tt  spiuen ;  w  velnm ;  trs  apical  tuft  of  cilia. 

The  eggs  when  laid  have  a  spiny  shell,  and  may  be  kept  in 
the  mantle-groove  or  expelled  freely  into  the  sea.  Fertilization  is 
external. 

In  the  development  the  young  are  hatched  as  larvae  and  pass 
through  a  trochosphere  stage.  There  is  no  veliger  stage  or  nautiloid 
shelL     The  blastopore  l^ecomes  the  mouth. 

The  Chitons  are  marine  animals  which  live  like  limpets  attached 
to  stones  by  the  foot.     They  inhabit  the  littoral  zone,  and  have 
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been  found  to  a  depth  of  2000  fathoms.     They  are  known  fossil 
since  the  Silurian. 

There  is  only  one  family,  the  Ohitonidae,  but  there  is  considerable  yariation 
in  the  group,  both  specific  and  individual,  and  consequently  a  large  number 
of  species  has  been  described.  These  have  been  arranged  in  genera,  of  which 
there  are  a  considerable  number ;  but  the  attempt  which  has  been  made  by  some 
authors  to  arrange  these  genera  in  several  families,  and  these  again  in  sub-orders, 
seems  to  be  going  further  than  the  facts  warrant,  for  the  uniformity  in  structure 
in  the  group  is  remarkable,  and  the  differences,  though  nimierous,  are  trivial 
and  unimportant. 

Fam.  Chitonidae.  With  characters  of  sub-class.  Chiton  L.  plates  of  shell 
much  ex{)osed ;  Leptochiton  Gray,  edge  of  mantle  uniformly  covered  with  scale- 
like spicules ;  Callochiton  Gray,  with  branchiae  only  in  the  hinder  part  of  the 
mantle-groove;  AcanlhochUon  Leach,  edges  of  mantle  with  spicules  united  in 
bundles  corresponding  to  the  plates  of  the  shell ;  Plaxiphora  Gray  ;  Cryptoplax 
Blainville  (ChiUmellua  Lam.),  shell -plates  largely  concealed  and  not  articulated 
together,  foot  narrow ;  CryptochiUm  Middendorf,  shell-plates  completely  em- 
bedded in  the  mantle. 

Sub-class  2.     ANISOPLEURA. 

Asymmeh'ical  Gmiropoda  mth  shell  of  one  piece,  never  more 
than  ttco  ctenidia,  and  icith  a  well-marked  visceral  commissure. 
Generally  tcith  a  veligei'  larva. 

The  above  definition  contains  the  main  points  in  which  the  rest 
of  the  Gastropoda  differ  from  the  Isopleura.  The  Ani4K)pleura  are 
divided  into  two  orders,  the  Strepfoneura  and  the  EutJiyneura, 

Order  1.     Strkptonkura.* 

Dioecious  Anisopleura  with  shell  arid  generally  tcith  operculum; 
icith  gills  in  front  of  the  heart.  Visceral  commissure  twisted  into 
a  pjure-ofS. 

Behind  the  head,  which  is  usually  distinct  and  Ideal's  a  single  pair 
of  tentacles,  lies  the  mantle-cavity,  into  which  the  rectum,  kidney, 
and  oviduct  open.  In  rare  cases  two  gills  are  present,  but  as  a 
rule  the  right  gill  is  absent.  The  branchial  veins  enter  the  heart 
from  the  front.  The  visceral  commissure  is  twisted  into  a  figure- 
of-8,  of  which  the  right  half  passes  dorsal  to  the  alimentary  canal, 

*  E.  Claparede,  "Anatomie  u.  Entwick.  d.  Neritina  fluv.,"  Z,f,  w,  Z.,  2,  1860. 
H.  Lacazc  Duthiers,  "Sur  Ic  systenie  ncrv.  de  I'Haliotide  et  sur  la  Poupre,"  Anii, 
Sci.  Nat.  (4),  12,  1859.  Id.,  "Sur  I'auat.  et  I'embryog.  des  Vermets,"  Ann. 
Sci.  Nat.  (4),  13,  1860.  ¥j.  L.  Bouvier,  "  Systeme  nerv.,  niorph  gen.  et  classi- 
fication dcs  Gastt'ropodes  prosobranches,"  Ann.  Sci.  Nat.  (7),  3,  1887.  Perrier, 
*'Siir  I'anat.  et  I'hist.  du  rein  des  Gast^ropodes  pros.,"  Ann.  Sci.  Nat.  (7),  8, 
1889.  Wegmann,  "Contributions  a  I'histoii-e  naturelle  des  Haliotides,"  Arch, 
Zool.  Exp.  (2),  2, 1884.  Boutan,  *'Sur  I'anat.  et  le  devel.  de  la  Fissurella,"  Arch. 
Zool.  Exp.  (2),  3  bis,  1886. 
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the  left  half  ventral  to  it.  The  pleural  ganglia  are  sometimes 
joined  to  the  opposite  half  of  the  visceral  commissure  by  an  anas- 
tomotic branch  of  the  pallial  nerve  (dialyneury,  e.g.,  Cassularia,  on 
left  side),  or  the  pallial  nerve  directly  joins  the  ganglion  on  the 
opposite  half  of  the  visceral  commissure,  t.e.,  the  pallial  nerve 
from  the  right  pleural  joins 
the  sub-intestinal  ganglion, 
and  that  from  the  left 
pleural  joins  the  supra- 
intestinal  (zyganeuryy  more 
common  on  the  right  side, 
e.g. J  CassidariOy  where  the 
right  pleural  is  directly 
joined  to  the  sub-intestinal, 
see  above,  p.  365,  Fig.  286). 
Tlie  males  are  often  pro- 
vided with  a  large  penis 
placed  on  the  right  anterior 
side  of  the  body.  In  the 
generative  organs  accessory 
glands  are  usually  absent. 
The  eggs  are  surrounded 
by  albumen  and  laid  in 
capsules,  which  are  fre- 
quently fixed  to  foreign 
objects ;  sometimes  they 
are  attached  to  a  raft  of 
mucous  bubbles,  to  which 
the  animal  itself  adheres 
{lanthina). 


FiQ.  310.— Nervous  system  of  IlcUiotis  (diagraininatic 
after  Speiigcl).  Cg  cerebral  ganglion ;  Pg  fnsed 
pleural  and  i)edal  ganglia ;  0  right  and  (/  left 
osphradium ;  Ag  abdominal  ganglion ;  Pe  pedal 
cord ;  S  and  ^  pallial  iier\-e8 ;  Br  gills. 


Sub-order  1.     ABpidobranchiata  (Diotocardia,  Scutibranchia). 

Cfenidium  hipedinate  or  absenfj  labial  commissure  present. 

The  pleural  ganglia  are  approximated  to  the  pedal,  which  are 
prolonged  jwsteriorly  into  long  ganglionic  cords  (Figs.  283,  310). 
The  cerebral  ganglia  are  widely  separate  from  each  other,  and  the 
commissure  connecting  them  passes  in  front  of  the  buccal  mass  and 
salivary  glands.  There  is  a  sub-oesophageal  labial  commissure  with 
buccal  ganglia  (Fig.  283).  The  osphradimn  is  small,  and  placed  on 
the  branchial  nerve.  The  otocsrst  has  numerous  small  concretions 
{otoconia).     The  eye  is  open  (Fig.  290  A)^  or  closed  with  a  very 
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smtilt  cornea.  The  radola  has  multiple  centrals.  Tlie  ctenldla  ate 
Ijipectinnte  and  free  anteriorly.  Traces  of  bilateral  symmetry  are 
usually  present.  There  are  generally  two  auricles  and  two  kidneys, 
which  oi>en  on  short  papillae.  The  gonad  (Fig.  297  li)  opens  into 
the  right  kidney  (except  in  the  Nerilidae). 

Tribe  1.    SOCO&LOBSA. 

Nervous  eyatem  witboat  dinlyoeury ;  eyes  open  without  lens.  Two  oepbradia. 
Operculum  &nrl  hypobntncliial  gUnds  absent.  Jaw  un|)&ired  aud  doraal.  Radul& 
has  strong,  pillar-shaped  teetli,  atid  never  more  than  three  mai^naU  on  each 
side.  A  single  auricle;  the  rectum  does  not  trsTerse  the  ventricle  or  the 
pericardium.     The  visceral  sac  ia  conical  ia  the  adult,  and  not  twisted. 

Fam.  1.  AeillMld>e.  Lert  ctcnidiiim  only ;  it  is  to  a  great  extent  free. 
Aciiuua  Esch.;   Smrria  Gray;   AddUonia  Dall, 

Fam.  2.  ?»talIidM.  Limpets.  Ctcaidia  absent,  replaced  by  a  circlet  of 
plate-like  structures  io  the  man  tie -groove.     Patella  L. ;  Helcion  Gtsy, 

Fam.  3.  Lspetidu.  Cteuidia,  pallial  branchiae,  and  eyes  absent.  L^eta 
Gray. 

Tribe  2.  SHEPIDOaLOSU. 
Nervous  system  with  dialyneury;  eyes  with  lens;  a  single  osphradtum  (the 
left),  except  when  there  are  two  cteiiidia;  one  or  two  hypobranobial  glands. 
Jaws  paired ;  marginal  teeth  of  radula  numerous,  and  crowded  together  Uke 
the  ribs  of  a  fan  (Fig.  !93  A).  A  crop,  oesophageal  gland,  and  a  stomach 
caecum  (often  spiral)  present.  Two  auricles,  ventricle  traversed  by  rectum 
(except  in  Helicinulac).  Often  with  an  epipodial  projection,  which  ia  frequently 
tentaculiferoua,  on  cacb  aide  of  foot. 

Beetion  A.  With  two  cteuidia  {ZygobranehiaU).  Shell  with  marginal  slit  or 
holes  correspoiidiug  to  an  anal  opening  in  mantle. 

Fam.  1.     TIsuTotomaridas.     Visceral  mass  and  shell  twisted.     Mantle  slit  iji 

front  in  the  middle  line.     Operculate.      Cambrian  onwards.      PtcuroUnnaria 

Deft»nca  (Fig,  304  A) ;  P.  gtui- 

yana  Gulf  of  Mexico  ;  SeinuT- 

tlla  d'Orb, ;  Troehotoma  Desh. 

Fam.  2.  Hkliotida*.  Spire 
of  the  visceral  sac  and  abell 
much  reduced.  Shell  flat,  with 
mde  aperture,  with  internal 
mother-of-pearl  lustre  and  e 
row  of  holes  on  the  left  side 
over  the  mantle  alit  The 
mantle-cavity  is  displaced  to 
the  left  side  by  the  enormona  spindle- muscle.  Epipodium  tentaculifsrons. 
Without  operculum.  Bniiotia  I^,  ear  shell,  ormer  (Figs.  296  and  80«  D), 
adherent  to  rocks  like  a  limpet ;  found  in  large  uumbore  in  the  Channel  IslaDda 
Fam.  3.  FiHnrellidae.  Visceral  sac  and  shell  conical,  with  an  apical 
aperture  or  an  anterior  marginal  excavation.  Liui pet- like.  Without  oper- 
culum. Finureila.  Brug.,  key-hole  limpet  (Figa.  304  F,  and  Sll) ;  PujiOuTtUa 
Lowe  ;  PapUlia  Gray ;  Smarginula  Lam.,  with  anterior  marginal  excavation ; 


PKCTINI  BRAN'CHIATA. 


395 


SeiUum  (Scuiua)  Montfort  IParmophonu  BUinv.),  Anstralia,  shell  partly  covered 
by  niuitle  ;  Cemoria  Leech,  Rimula  Defrance.  Propilidiiiin,  Forbes  and  H.,  and 
Coaalina  Dall,  allied  here. 

Beotion  B.     With  one  (left)  ctenidium  [AsygobranchiaU). 

Fam.  4.  Troohidat.  Viscera]  sac  and  sliell  coiled  ia  a  spiral ;  eyes  opco  ; 
o|ierciilum  homy ;  with  head-lobes  between  the  tentacles.  Trodius  L.;  Marga- 
rita Leach  (Fig.  312);  Mvandoiila  Lam. 

Fam.  5.  Stamatiidaa.  Spire  of  viscaral  sac  and  shell  reduced.  StoiaaUVa 
I^m.;  Qeiia  Gray;  Brod^rifia  Gray;  SUmiatia  Iajo.,  without  opercnlam; 
Phmuta  Ad.,  II     ' 


and  shell  spiral ;  no  cephalic  lobes. 


Fam.  3.     DelphinnlidM.     Visceral  n 
Df^inula    Lam.  ;    CydottreToa 

Fam.  7.  LiotUdae.  Liolia 
Gray. 

Fam.  S.  TarbtnidM.  Visceral 
sac  and  shell  spirally  coiled  ; 
epipodial  tentacles  ;  calcareous 
operculum.  Turbo  L.,  t«p-sliell. 
n<aianel!a  Lam.,  pheasant-shell ; 
MslUria  Jeffreys. 

Fam.  S.  VeritopddM.  I^erl- 
UtptU  Groteloup. 

Fam.  10.  KaelnrltidM.  Ma- 
tlarea  Lesueur. 

Fam.  II.  HaritidM.  Epipo- 
dinm  little  developed,  without 
tentacles  ;  a  cephalic  penis  ;  cal- 
careona  operculum  ;  eyes  stalhed- 
Ntrita  L.;  Nerititui  Lam.,  chiefly  brackish  water  and  fluviatile  ;  land  species 
are  known  ;  N.  Jluviatiiii  MUller,  British  rivers.  Theodoxia  Mont, ;  Smarngdia 
laaet;   Seplaria  Fer. 

Fam.  12.  Titlioanida*.  Shell  and  operculum  absent  Titisamia  Bvrgh ; 
T.  tiutacina  Bergh.,  Pacific  Ocean. 

Fam.  13.  Ealieinldae.  Epipodium  without  tentaclea  ;  branchia  absent, 
mantle  cavity  transfonned  into  a  pulmonary  chamber  ;  heart  with  a  single 
anride,  not  traversed  by  the  rectum.  Operculum  ivithout  apophysis.  Terrestrial. 
ffelicina  Lam. ,  Central  America  and  Bahamas ;  Bgdnxena  Parreya  ;  Qeoriaa 
Blanford. 

Fam.  14.  ProMrpinidaa.  Branchia  replaced  by  pulmonary  cavity;  mantle 
partly  reflected  over  shell;  operculum  absent.  Terrestrial.  Proseryina  Gray, 
Cnba,  Jamaica,  Venezuela;  Cera  Gray,  Mexico. 

Sub-order  2.    Pectinibranclilata  (Ctenobranchia,  Honotocardia). 

Ctenidium  moJiopeefinaie,  generaily  icithoal  lal/icU  rommissure. 

The  nerve-collar  ia  behind  the  buccal  mass,  and  there  is  no  labial 
commiflflure  (except  in  Paitulina  ond  Awpallaria).  The  single 
osphradiuni  is  often  pectinate,  and  well  differentiated.  Tho  eye  is 
always  closed.     Otocysts  with    otolith   (except  PaliuHna,    Valcaia, 
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Anipullarta,  CydophoTrus,  Acieula^  some  Centhiul^ie,  etc.).     Radula 
with  central  tooth  single  or  absent. 

The  ctenidium,  auricle,  and  kidney  of  one  (right)  side  are  absent, 
and  the  ventricle  is  not  traversed  by  the  rectum.  The  ctenidium  is 
monopectinate  (Fig.  280),  and  attached  to  the  mantle  by  its  whole 
length.  The  kidney  opens  by  a  slit,  exceptionally  by  a  ureter 
{Paludina^  Cf/clophorus,  Vcdvata)^  and  never  receives  the  generative 
j)roducts.  A  i)enis  is  generally  present,  and  the  gonad  has  its  own 
duct  and  opening. 

Tribe  1.     FTSH0OL088A. 

Without  siphon.  Peristome  entire.  Mouth  with  proboscis  or  snout.  Penis 
absent.    Radula  without  median  tooth,  with  numerous  lateral  hooks  (oo .  0 .  ao  ). 

Fam.  1.  lanthinidae.  Snout  prominent,  blunt ;  tentacles  bifid ;  no  eyes ; 
shell  thin,  spiral,  without  operculum.  Foot  small,  secreting  a  float,  to  which 
the  eggs  are  attached.  Pelagic,  carnivorous.  lanihina  Lam.;  /.  fragilis  L, 
Atlantic  and  Med. ;  lUduzia  Pet. 

Fam.  2.  Solariidae.  Shell  flattened,  with  a  large  umbilicus  which  extends 
to  summit  of  spire.  Head  short,  proboscis  long;  foot  small.  Tentacles  slit 
along  their  whole  length.     Solarium  Lam.     Stair-case  shell. 

Fam.  8.  Soalariidae.  Shell  turriculated  ;  a  small  siphon  ;  foot  and  proboscis 
short.  Tlie  animal  secretes  a  purple  liquid  when  molested.  Camivorons. 
Scalaria  Lam.,  wentle-trap. 

Tribe  2.     SACEIGL088A. 

With  long  proboscis,  evaginable  from  the  base.  Radula  w^ith  at  most  three 
teeth  in  each  row,  a  cusi)ed  median  tooth,  and  a  cusped  lateral  on  each  side, 
which  may  be  absent ;  marginals  absent  (Fig.  298  C7).  All  possess  a  siphon  and 
are  predatory. 

Fam.  1.  Moricidae.  Eyes  at  the  base  of  the  tentacles;  foot  truncated;  an 
anal  gland.  Murer  L.  The  Ancients  obtained  their  purple  from  species  of 
Afurcx;  it  is  secreted  by  the  anal  gland.  M.  erinaceits,  sting- winkle,  English 
Channel ;  M.  truncultis  L.  Heaps  of  shells  of  this  species  still  to  be  seen  on 
the  Tyrian  shore.  Purpura  Brug.;  P.  lapilUia  L.,  destructive  to  nmssel  beds; 
Trophon  Montf. ;   Urosalpinx  Stimpson. 

Fam.  2.  Coralliopliilidae.  Radula  absent.  Inhabits  coral  reefs.  Magilus 
Montf. ;  Lrptoconchus  RUpp. ;  Coralliophila  H.  and  A.  Adams. 

Fam.  3.     Columbellidae.     Columbella,  Lam. 

Fam.  4.  Kassidae.  Foot  long,  broad,  often  with  terminal  appendage; 
siphon  long;  eyes  on  outer  base  of  tentacles;  central  tooth  of  radula  arched, 
nmlticusjied,  laterals  bicuspid  with  small  denticles  between  the  cusps;  shell 
buccinoid.  Nassa  Lam.;  H.  reticulata  L.,  dog- whelk,  common  on  English 
coasts  at  low  water ;  CVniir/ia  Adams ;  Cyclonas8a^7iB\nsou\  BtilliaGrskj, 

Fam.  5.  Baccinidae.  Eyes  at  base  of  tentacles;  foot  large;  proboscis  long. 
Central  tooth  of  radula  with  6-7  cusps,  laterals  bi-  or  tri-cusj>ed.  Shell  thick, 
covered  with  periostracum  ;  canal  of  varying  length  ;  operculum  corneous. 
Buccinum  L.,  whelk;  Chrysodomus  Swainson. 

The  HtliidM  {B^lia  BiBeo)  are  aUied  here. 
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Fam.  S.  FkHiolaiidM.  Sb«11  fusiform;  spire  long;  operculuni  corneous; 
head  smalt ;  abort  tentacles,  with  eyes  at  tiase ;  «iphoa  moderate.  Fateiclaria 
Lath.  :  Fusua  I^m. 

The  Tnrbintllidae  {Hemifvtut  Swainson;  Pulgttr  Montf.;  Laiint*  Mootf.; 
Lagena  Sebum.)  are  allied  here. 

Fmu.  7.  Kitridae.  Tentacles  canying  eyes  laterally;  proboscis  long;  shell 
fosiform,  spire  pointed;  operculum  absent.  Mitra  Ltun.,  mitre'shcU;  Thata 
Ad.;    TurrieuUi  Ad. 

Fam.  8.  ValDtilM.  Head  flattened,  and  prolonged  laterally  into  lobes,  on 
which  are  Che  eyes.  Proboacis  short ;  siphon  with  interior  appendages ;  operculum 
generally  abseut  Valuta  L.;  Gtcitnllta  Watson;  Oyjnba  Brod.  and  Sow.,  boat- 
shell  ;   Cytnbium  Montf. 

Fam.  8.  OUTid««,  Anterior  part  of  foot  separated  by  a  transverse  furrow, 
mesopodium  reflected  laterally  over  the  shell ;  ejes  placed  half-way  up  the 
tentacles;  shell  olive-shaped;  operculum  present  or  absent.  Oliva  Brug.,  oltve- 
shell;  Olivella  Svaiuaou;  Atteillaria  I^m.;  OliKineillarin  i'Oih. 

The  Hupid*«(FarpaLam.,  harp-shell) and  Ku^lnslltdM  {3fargi«ella  Itaa.} 
■re  allied  here. 

Tribe  3.     TOZOeLOSSA. 

Radnla  without  median  and  lateral  teeth  (eicept  Spirotropii),  1.0.0.0.1. 
Oesophaf^s  with  a  large  poisou  gland ;  siphon  and  proboscis  well  developed ; 


Fam.  1.  Terabridaa. 
Eyes  at  end  of  tentacles; 
foot  small;  shell  turricU' 
lated.  Tercbra  Adanson, 
auger-shell. 

Fam.  2.     ConldM. 
on  outer  side  of  tentacles; 
siphon     prominent ;     shell 
conical.      C'mtiu    L.,   cone-  /> 

shell  (Fig.  313);  Stla  Leach ;    Fio.  8J3.-Cmuj  mami  (r 
CUtvaluIa   Lam.;    DrUlia        slpfcon;  ^UlI«1«  ;  Oe>=  ,  ^  i™... 
Gray ;  ConorbU  Sow. 

Fam.  3.     CaiiMllftriidaa.     Proboecis  short,  usually  no  ndula;  no  operculum  ; 
vegetable  Iceders.     Canetllaria  lam. 

Tribe  4.     TASnoeLOBSA. 

Sadula  with  normal  ftonnula  2.1.1.1.2.  (Fig.  28S  ff).     Mai'ginals  sometimes 


There  are  two  sections,  the  Plaiypoda  and  Heterofoda. 

Section  1,     ?Ut7pod«, 

Normal  creeping  Pectinibranchs,  little  modified.  Foot  more  or  leas  flattened 
ventrally.  Rarely  with  accessory  glands  on  the  generative  ducta  {Paliidina. 
Oydodmaa,  Natieidae,  etc. ).     Generally  with  jaws. 

Fam.  ].  Satioldaa.  Foot  very  la^te,  partly  covers  shell ;  propodlum  reflected 
on  the  head  ;  shell  semi-globaUr,  spire  small ;  operculum.  Eyes  often  absent, 
oamivoroni,  feeding  on  hivalrea.     Notiea  Lara. ;  Sigantv*  Lam. 
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Fam.  2.  Lamellariidae.  Mantle  more  or  less  completely  covering  the  shell. 
Without  operculum.  Jaws  fused  dorsally.  Lamellaria  Montagu  ;  Onehidiofm 
Beck  ;  Velviina  Blainv. ;  Marsenina  Gray. 

Fam.  3.  Triohotropidae.  Radula  allied  to  that  of  Velutina,  Trichotropit 
Broderip. 

Fam.  4.  Karioidae.  Foot  circular,  carrying  an  epipodial  lobe  on  each  side ; 
tentacles  flattened  ;  shell  naticoid,  with  a  velvety  periostracum.    Nariea  Recloz. 

Fam.  5.  Xenophoiidae.  Mineralogists,  conchologists.  Snout  elongated; 
foot  divided  transversely  into  two  parts,  of  which  the  posterior  carries  the 
o])erculum.  Shell  trochiform,  attaching  foreign  bodies  (stones,  shells)  externally. 
Xenophora  Fischer. 

Fam.  6.  Capulidae.  Visceral  sac  and  shell  conical  (patcUiform),  slightly 
curved  behind,  usually  with  an  internal  plate ;  without  operculum  ;  columellar 
muscle  horseshoe-shaped.  Capulus  Montf.  {PiUopHa  Lam.),  bonnet  limpet ; 
Crepidula  Lam. ;  Cali/ptraea  Lam.,  cup  and  saucer  limpet ;  Thyca  Adams. 

Fam.  7.  Hipponyoidae.  Visceral  mass  and  shell  conical ;  foot  reduced, 
may  secrete  a  calcareous  base.     Hippomjx  Defrance. 

Fam.  8.  Littorinidae.  Proboscis  short,  broad  ;  tentacles  long,  eyes  at  their 
outer  Imses ;  penis  behind  the  right  tentacle ;  oviparous  or  viviparous ;  radula 
long ;  shell  turbinate,  solid,  operculum  corneous.  Marine  or  brackish  water ; 
mostly  littoral.  Littoriiia  F^russac,  periwinkle ;  Lacuna  Turton  ;  Cremwh 
conchus  Blanford.     Fossarus  Philippi  is  allied  here. 

Fam.  9.  Cyclophoridae.  Mantle-cavity  without  ctenidium,  transformed  into 
a  pulmonary  sac.  Tentacles  long,  filiform.  Pedal  ganglia  elongated  into  cords. 
Otocysts  with  otoconia.  Operculum  circular.  Terrestrial.  Foniatias  H&risnaim; 
P,  ^bscurum  S.  Europe ;  Cyclophorus  Montf. ;  Cyclosurua  Morelet ;  Pupina 
Vign. ;  Cataulus  Pfr. ;  Cyelotus  Guilding ;  Pterocyelus  Benson  ;  Lq>top<yma  Pfr. ; 
MegalomasUyma  Guild. ;  Craapedopmna  Pfr. ;  Diplmnmatina  Bens. 

Fam.  10.  CycloBtomatidae.  Mantle-cavity  pulmonary.  Ctenidium  absent 
Otocysts  with  otolith ;  jaws  absent ;  deep  median  longitudinal  groove  in  foot 
Operculum  generally  calcareous.  Terrestrial.  CyclMtoma  Drap. ;  C.  tUgans 
Muller,  Britain  and  temp.  Europe. 

The  Aoioulidae  {Acicula  Hartm.),  also  terrestrial  and  found  in  Britain,  are 
allied  here. 

Fam.  11.  Tmncatellidae.  Looping  snails.  A  munopectinate  gill ;  snout 
long,  bilobed  ;  foot  very  short.  They  walk  by  contracting  the  space  between 
the  lips  and  foot.  Found  between  tide-marks,  survive  many  weeks  out  of  water, 
Truncaiclla  Risso. 

Fam.  12.  Biflsoidae.  Epipodial  filaments ;  operculigerous  lobe  with  appen- 
dages ;  shell  small,  acuminate ;  marine  and  brackish  water.  Rissoa  Freminville ; 
LUiopa  Rang. 

Fam.  13.  Hydrobiidae.  Operculigerous  lobe  without  filaments  ;  shell  small, 
acuminate.  Brackish  or  fresh  -  water.  Hydrobia  Hartm. ;  Bithyfiia  Gray ; 
LUhogli/phus  Milhlfeldt ;  Pomatiopsis  Tyron  ;  BUhynella  Moquin  ;  Assiminea 
Leach. 

The  Skeneidae  {Skcnca  Fleming)  and  Jeffireysiidae  {Jeffreysia  Alder)  are 
allied  here ;  as  also  are  probably  the  Homalogyridae  {Homalogyra  Jeffreys)  and 
the  Choriitidae  {Chorist^s  Carpentier). 

Fam.  14.    Adeorbidae.    Adcorhis  S.  Wood. 
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F«m,  15.  FklBdinlda*.  Shell  conical  or  globular,  witH  tlijek  oUve.green 
periostracuni ;  o|ierculuin  homy,  nonuallj  coiicentric  Snoot  blunt,  tentacles 
loDg,  eyes  on  short  pedicels  outside  teotacles.  Pedal  ganglia  elongated  into 
cords;  kidney  with  nreter.     VivijiaroHB.     Fresh-wttter.     Paludina  Lam.,  river- 

Fani.  16.  TftlTStidM.  A  bipectinaie  ctenidium  projecting  freely  on  the  Icfl 
side;  a  Hlironn  appendage  on  the  right  side;  eyes  sessile  behind  the  tentAcles. 
Hermaphrodite.     Freah-vater.     l^altaUi  Uuller. 

Faru.  17.  AmpoUftrildae.  Jlantle-cavity  divided  into  a  right  branchial 
division  containing  a  monopectinate  ctenidiura,  and  into  a  left  half  functioning 
aa  a  pulmonaiy  chamber.  Oesophageal  nerve-collar  in  front  of  buccal  mass. 
Fresh  vater.  AmpulUxria  Iahi.  (Fig.  303).  Apple-snail  or  idol-shell.  Inhabit 
Ukea  and  rivers  in  warmer  parts  of  veorld,  retiring  into  the  mod  in  the  dry 

Fam.  18,  CerithiidM.  Spire  elongated;  siphon  short;  o|>erculiini  horny. 
Marine  or  brackish  wster,  CerUhium  Adanson;  Ctrithidfa  Swainson;  Tr^orU 
Deshayes  ;  ZanKocA/is  Dunker  and  Ucttger;  i*o{a>ni(Je3  Brongniart. 

Tlie  FlAUxldM  (PlanaxU  Lam.)  and  the  KodnUdu  (Modulus  Gray)  are 
allied  here. 


Fam.  19.     HerlnfteidM.    Jferinaea  Defrance. 

Fam.  20.  Kaluiiidsa.  Spire  elongated ;  thick,  dark  periostracum ;  edge  of 
mantle  fringed.  Viviparona.  Fresh'Water  in  warmer  parts  of  irorld.  Melania 
Lam. ;  Mdanopsit  Lun. ;  Paiudomaa  Swainson. 

Flsuroaerid»B  (fresh -water),  Fiend onLelaniidu  (marine)  are  allied  here. 

Fam.  2t.  Timitslidse.  Shell  multispiral  or  tubular;  operculum  homy; 
head  large  and  projecting;  edge  of  mantle  fringed;  foot  broad.  TurriUUa 
Lam. ;  Mathilda  Semper ;  Caecum  Fleming. 

Fam.  22.  TennetidM.  Shell  tubular,  atloohed,  irregularly  coiled,  last  coila 
cot  in  coatact ;  operculum  circular.  Vemetva  Adana.,  warm-ahell;  Sitiquaria 
Brag. 

Fam.  23.  StrombUaa,  Wing-shells.  Foot  narrow,  arched,  compressed 
laterally,  without  ventral  sole;  snout  lonf;;  large  and  elaborate  eyes  placed  on 
thick  pedicels  with  slender  tentacles  arising  from  the  middle  of  the  jiedicela. 
Very  active,  progressing  by  a  sort  of  leaping  movement.  Strombm  L.; 
Pttrotena  I^m.,  scorpion -shell ;  TerAellum  Klein  ;  SatUllaria  I^m. 
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Fhid.  21.  Chenopodidu  (ApoirliaidM).  Foot  etoognted,  narrow;  proboacu 
short,  tentacles  long;  siphon  short.  Shell  like  that  of  StronUmt.  Ckaupai 
Philippi  (Aparrhaii  AMrovanduH). 

Fam.  25.  Btrathiolarildae.  Shell  buccinoid;  operculiim  clair-ahaped, 
uotclicd;  Coot  brood  and  short.     Slrulhiolaria  Lani. 

Fam.  26.  CypraeidM.  Cowries.  Hantle  rejected  over  the  aliell,  ■»] 
provided  with  appeudagea;  shell  convolute,  enamelled;  spire  concealed;  outer 
Hp  thickcood,  infliKited;  operculum  absent.  The  young  shell  has  a  prominent 
Bpire.     t^proeo  L.,  Cowry;  ^rofoRisso;  OnufaBrug,;  Pujiuioria  Swwoson. 

Fani.  27.  Dalildae.  Shell  ventricose,  spirally  furrowed ;  no  opercnlttm ; 
eyes  sUlked;  Toot  large  and  eipanded ;  siphon  long.  Dalium  Lam.,  the  Tan; 
Py rula  IPirula)  Le.m. ,  lig-ahell. 

Fam.  28.  Cuaididae.  Shell  rentricose  with  varices,  spire  short,  out«r  Up 
reflected  or  thickened,  operculum  semilunar ;  eyes  sessile ;  foot  large,  roanded  in 
front;  proboscis  and  siphon  long.  Ctasia  Lam.,  helmet-shell  (Fig.  314); 
Cauidaria  Lam. 

Fam.  29.  Tritanidae.  A  proboscis;  siphon  well  developed  but  short;  foot 
short;  9hell  thick,  varicose,  outer  lip  inflected  and  thickened,  operculnm 
corneous;  [leriostracum  often  thick  and  hairy,  Triton  Lam.;  BamUa  Lam, 
frog-shell.     The  genus  Oocorys  Fischer,  ts  allied  here. 


rt«  Soalej-et.  Qegenbaur,  uid  EsTenteln).  A  um 
G  buccal  ganglloa  Bn  baccal  mug ;  Br  gills ;  CG  cinbn 
,  il  crap;  Uii  luidtle  giiiglion ;  N  kJdDer ;  OmooUi:! 
lesopodlum  ;  Pe  penis ;  I'd  pedal  gsnglian  ;  S  lucker ;  .^ 
wclea ;  Vd  vu  derenoi ;  re  ventricle ;  (Fp  eUiited  (Uiio* ; 


Section  2.     Hataropoda.* 

The  Brteropoda  are  fres-swimming,  pelagic  Pectinibranchiataa,  with  laterally- 
compressed  foot,  toenioglossate  radula,  and  otocysts  near  the  cerebral  ganglia. 
They  are  without  jaws. 

•  C.  Gegenbaur,  "  UnUnuch.  ai.  Pteroptidai  u.  HiUropoden,"  Leipzig,  1864. 
T.  H.  Huxley,  "On  the  Morphology  of  the  Cephalous  Mollu»c«,"  etc.,  fAW. 
Tran*.  1868. 
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The  main  peculiarity  of  the  body  consists  in  the  large  size  of  the  head 
and  foot,  and  the  small  size  of  the  visceral  sac.  The  foot  is  divided  into  an 
anterior  part — the  so-called  pro-  and  mesopodium  (Fig.  81 5  j?)— and  a  posterior 
part — the  metapodium.  The  former  is  foliaceous,  and  often  carries  a  sucker  on 
its  posterior  part ;  while  the  latter,  considerably  elongated  and  extended  far 
backwards,  forms  the  caudal  continuation  of  the  body. 

The  visceral  sac  is  either  spirally  twisted  and  enclosed  by  a  mantle  and  spiral 
shell  {Atlanta)^  or  has  the  form  of  a  projecting  mass,  which  is  placed  orer  the 
hinder  part  of  the  foot,  and  is  likewise  covered  by  the  mantle  and  a  reduced 
hat-shaped  shell  {Carinaria) ;  or  finally,  the  visceral  sac  is  reduced  to  a  small, 
scarcely-projecting  nucleus,  which  is  covered  on  the  front  side  by  a  membrane 
with  a  metallic  lustre,  and  is  completely  without  a  shell. 

The  nerYoai  syttem  is  well-developed.  The  cerebral  ganglia  are  conjoined, 
and  the  pleural  are  fused  with  them  (visibly  in  Atlanta  and  Pterotrachea). 
There  are  two  pedal  connectives  on  each  side,  which  are  partially  free  proximally 
in  Atlanta.  The  pedal  ganglia  are  situated  at  the  base  of  the  fin  (pro-meso- 
podium).  The  visceral  commissure  is  long,  streptoneurous,  and  provided  with 
several  ganglia,  but  without  dialyneury  or  zygoneuiy  (p.  365).  In  the  CarinaHidae 
there  are  secondary  viscero-pedal  anastomoses  which  are  not  twisted.  In  the 
Firolidne  the  {»edal  connectives  are  fused  with  the  anterior  part  of  the  visceral 
commissure ;  and  behind  the  pedal  ganglion  the  two  branches  of  the  visceral 
commissure  are  fused  together  for  the  greater  part  of  their  extent. 

The  otphradiom  has  the  form  of  a  more  or  less  elongated  ciliated  organ  in 
the  pallial  cavity  to  the  left  of  the  ctenidium.  The  otocyBts  are  close  to 
the  cerebral  ganglia.  The  eyes  arc  very  large,  contained  in  capsules,  and 
moved  by  special  muscles  ;  they  are  highly  elaborate  and  are  placed  at  the 
base  of  the  tentacles,  which  are  entirely  absent  in  Pterotrachea. 

The  alimentary  oanal  has  a  protractile  pharynx  with  radula,  a  long  oeso- 
phagus slightly  swollen  towards  its  middle,  and  a  stomach  and  liver  placed 
behind.     The  intestine  is  short  and  is  not  curved  forward  in  Pterotrachea. 

The  heart  is  near  the  stomach  ;  it  is  in  front  of  the  gill  in  Pterotrachea^  but 
is  disposed  as  in  the  Platypoda  in  the  less  specialized  forms.  The  arteries 
terminate  abruptly  in  the  blood-sinuses.  The  ctenidium  is  mouopectinate,  not 
covered  by  mantle-fold  in  Pterotraeheaf  and  absent  in  Firoloida.  The  kidney 
is  a  transparent  sac  with  contractile  walls ;  it  has  the  same  relations  as  in 
other  Gastropods,  and  opens  not  far  from  the  anus. 

The  males  are  distinguished  by  the  possession  of  a  large  penis,  which  projects 
freely  on  the  right  side  of  the  foot.  The  males  of  Pterotrachea  possess  a  sucker 
on  the  hinder  part  of  the  anterior  division  of  the  foot ;  in  Atlanta  and  Carinaria 
the  sucker  is  present  in  both  sexes.  The  OTariet  and  testes  fill  the  posterior 
part  of  the  visceral  sac,  and  are  partially  embedded  in  the  liver.  The  ducts 
open  on  the  right  side  of  the  body  near  the  anus.  There  is  a  ciliated  groove 
to  conduct  the  sperm  from  the  generative  opening  to  the  penis.  The  penis 
is  provided  with  a  glandular  appendage  or  flagellum.  The  oviduct  possesses 
a  large  albumen  gland  and  a  receptaculum  seminis  opening  into  it. 

The  Heteropoda  arc  exclusively  pelagic  animals,  and  are  often  found  in  great 
numbers  in  the  warmer  seas.  Their  tissues  and  shell  are  transparent.  They 
are  somewhat  clumsy  in  their  movements,  which  are  effected  with  the  ventral 
surfiM^e  uppermost,  by  oscillations  of  the  whole  body  and  fin.  They  are  all 
carnivorous.  When  the  tongue  is  protruded,  the  lateral  teeth  fly  apart  from 
one  another  like  the  limbs  of  a  pair  of  forceps,  and  when  retracted  they  again 

2  D 
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fall  together ;  in  this  way  small  marine  animals  are  seized  and  drawn  into 
the  mouth. 

Fam.  1.  Atlantidae.  Visceral  sac  and  shell  coiled  in  a  spiral  The 
metapodium  carries  an  operculum.     Atlanta  Lesueur. 

Fam.  2.  Carinariidae.  Visceral  sac  and  shell  conical,  and  small  in  relation 
to  rest  of  body ;  foot  elongated,  without  operculum.     Carinaria  Lam. 

Fam.  3.  Fterotracheidae.  Visceral  sac  reduced;  without  mantle  and  shell ; 
a  sucker  on  foot  in  male  only.  Pterotraehea  Forskal.  No  tentacles ;  a  filiform 
a])])endage  at  posterior  {tart  of  foot.  Firolaida  Lesueur.  Tentacles  present; 
gill  and  posterior  i)edal  appendage  absent. 

Tribe  5.    GTmrOOLOSSA. 

Radula  and  jaws  absent. 

Fam.  1.  Eulimidae.  Proboscis  elongated;  tentacles  without  furrow;  often 
parasitic  on  Echinoderms.  Shell  small,  long,  subulate,  polished.  Eulima 
Risso;  Stilifcr  {Stylifer)  Brod.,  a  cephalic  pseudopallium  extending  over  shell, 
in  body-wall  of  male  star-fish. 

It  is  convenient  to  place  here  the  two  genera  Entoeolax  and  Entoconcha^  both 
parasitic  on  Echinoderms.  In  these  genera  there  is  only  a  vestige  of  the 
alimentary  canal  with  a  single  opening.  The  visceral  mass  is  surrounded  by 
the  pseudo];»alliuni,  and  the  cavity  so  formed  receives  the  generative  duct  and 
opens  to  the  exterior  by  a  small  orifice.  Entoeolax  Voigt.  Fixed  by  the 
aboral  extremity ;  sexes  separate.  E.  Ludtoigif  fixed  to  the  body-wall  in  body- 
cavity  of  a  Holothurian.  Entoconcha  MuUer,  vermiform,  fixed  by  the  oral  end; 
hermaphrodite.  Larva  with  a  shell  (resembling  that  of  Ndtiea)^  operculum  and 
velum.  E.  mirahilis  Muller,  in  body-cavity  of  Synapta  digitcUa  attached  to 
intestinal  wall. 

Order  2.     Euthyneura.* 

Hennapliroflite  Anisopleura,  in  which  the  visceral  commissure  is 
not  twisted  (save  in  the  Actaeonidae).  The  primitive  left  gill, 
nephndiumy  and  auncle  are  always  ahortedy  and  the  operculum  is 
ijenerally  absent. 

There  are  typically  two  pairs  of  tentacles  on  the  head.  The  vis- 
ceral commissure  is  generally  very  short,  and  its  ganglia  (Fig.  316) 

*  Alder  and  Hancock,  **A  Monograph  of  the  British  Nudibranchiate  Mollusea,'* 
London,  1845-55.  Hancock,  "On  tne  Anatomy  of  Doridopais,"  Trans,  Linn, 
Sac.  London f  25,  1865.  H.  Lacaze  Duthiers,  *'Anat.  et  Phys.  du  Pleurobranche 
orange,'*  Ann.  Sci.  Nat,  (4),  11, 1859.    Id.,"Du  systime  nerveux  des  Mollusques 

rteropodes  pulmones  aquatiques,"  Arch,  Zool,  Exp,  (1),  1,  1872.  Id., **Histoire 
la  Testacelle,"  ib,  (2),  5,  1887.  Vayssi^re,  "Rccherches  zoologiques  et 
auutomiques  sur  les  mollu8i!ques  Opisthobranches  du  Golfe  de  Marseille, '  Ann, 
Mus,  Marseille  {Zool.),  2  and  8,  1886-88.  P.  Pelseneer,  "Report  on  the 
PteroTKvia,"  Challenger  Reports,  pt.  66,  1888.  Bergh,  "Die  kladohepatischen 
Nudibrauchier,'*  Zool  Jahrb.  {Abth.  f.  System,),  6,  1890.  Leidy,  **  Special 
Anatomy  of  the  terrestrial  Gastropoda  of  the  U.S."  in  Binney,  The  terrestrial 
air-breathing  Molluscs  of  the  U,S.,  vol.  i.,  Boston,  1861.  P.  Pelseneer, 
"  Recherches ,  sur  divers  Opisthobranches,"  M&moires  Couronn^  et  Mimoires 
des  Savants  Strangers,  Acad,  BruxelUs,  63, 1894.  L.  PfeiflFer,  ** Monographia  Heli- 
ceorum  Vivcntium,*'  Leipzig,  1848-69 ;  and  Monographia  Aurieulaeeorum 
Vivrntium,  Cassel,  1856.  A.  Rossmiissler,  **  Iconographie  der  Land-u,  SUsstoasser 
Mollusken  Europas,  Leipzig,  1835-59.  Fenissac  et  Deshayes,  Hist,  neU,  gin. 
ft  jyartic.  des  Mollusqius  terrestres  et  fluviatiUs,  Paris,  1829-61. 
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all  approximated  to  tlie  oesophngus  (except  in  the  BuUotds  and 
in  Aplysia).  In  the  Bulloida  it  shows  traces  of  the  characteristic 
torsion  of  the  Streptoneura ;  and  in  one  form,  Adaeon,  it  is  actually 
streptoneurouB  (Fig.  318).  Hermaphroditism  is  universal  and  the 
generative  system  is  complicated  by  the  presence  of  n  number  of 
accessory  structures  (albu- 
men and  mucous  glands, 
spermathecae,  etc.). 

The  otocysts  generally 
contain  otoconia.  Fur- 
tlier,  there  is  in  this  order 
a  tendency  to  the  reduc- 
tion of  tlie  paUial  cavity, 
the  shell,  and  the  oper- 
culum. The  operculum 
ia  al%ent  in  almost  all 
forms;  the  shell  ia  com- 
pletely absent  in  Kudi- 
branchs,  and  it  tends  to 
disappear  in  Pulmonates 
and  Teetibrancha.  The 
mantle-cavity  is  absent  in 
Nudibranchs,  and  is  but  slightly  marked  off  in  most  Teetibrancha ; 
and  in  cases  in  which  it  is  present  its  reduction  is  indicated  by 
the  fact  that  tlie  genital  ducts  generally  open  outside  it. 

As  Biplained  on  p.  8S6,  the  Euthyneura  may  he  looked  upon  aa  streptoaauroni 

'  farms  irhich  have  undergone  partial  detorsion,  the  result  of  which  ia  that  the 

TiBceral  commissure  ia  generally  untwisted,  and  the  mantle-cavity  and  external 

opouinga  are,  as  a  rule,  sliifted  off  the  anterior  face  of  the  visceral  sac  to  the 

right  side,  and  often  displaced  far  backwards. 

Suborder  1.     OpiBtbobranchiata. 

Marine  Eufhyiteura  icilh  aquatic  respiration.  The  ijiUs  are 
ijenercdly  behind  Ote  heart.  The  pallial-cavitt/  tchen  it  eMttts  it 
leidely  open. 

The  mantle-cavity  never  contains  more  than  one  ct«nidium,  placed 
on  the  right  side  of  the  body.  Often  there  is  no  ctenidium 
(Nudibranchs). 

Tnbe  1.     IBCnBE&HCHIATA. 

Opisthobranchs  provided  with  a  mantle,  and  a  shell  (except  in  Raneina, 
PUurtArandiaea,  the  I'neumatodermatidat,  Clioiuiptidae,  and  Clioaideu),  «ith 
a  cteuidiam  (except  in  the  three  above-named  families),  and  with  an  osphrsdium. 


,    FlQ  pleu 
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Tlie  tribe  inclades  three  iectionB — the  Bulloidea,  the  Aplyxioidta,  and  tht 
Pleurdbnmehioidta.  All  the  families  formerly  united  as  Gymnoeamabni) 
PUrojMida  are  included  with  the  Aplytioidea,  vrhile  tlie  thecosomstoua  Ptero- 
pods  are  placed  with  the  Bulloidea.     All  are  marine. 

The  lending  features  of  the  group  are  as  fallows : — 

1.  The  dinplacement  backwards  of  the  pallial  opening,  the  anas  and  the 
circunisnitl  complex. 

2.  The  disappearance  of  the  visceral  twist  and  of  the  operculum ;  the  redac- 
tioti  of  the  mantle  and  shell ;  the  exposure  of  the  genital  opening,  and  of 
tlie  cteuidium. 

3.  The  acquisition  ofexterual  B^fmmetry. 

4.  The  absence  of  the  spermatic  groove,  which  is  transformed  into  a  vas 
deferens. 

5.  Tlie  reduction  in  the  number  of  teeth  in  the  trtinsrerse  rows  of  the  raduU- 
S.  The  concentnktioD  of  the  ceutral  nervous  sjatem,  and  the  Bhortcoing  of 

the  visceral  coDLiiiJaaure. 

7.  The  displacement  of  the  oesophaKeol  nerve  collar  towards  the  poaterier 
part  of  the  buccal  niass. 

In  the  following  table  the  distribution  of  these  characters  amongst  the  families 
is  shown :— 
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0  members  of  the  tyjw  only. 


From  this  table  it  is  apparent  that  Actatoii  most  resembles  the  Streptonenia, 
inaaniuch  as  it  has  its  visceral  commissure  twisted,  auricle  anterior  to  ventriele, 
an  opercuhim,  genital  opening  (female)  in  niantic-cavity,  anus  forward  ;  hut 
it  dilTcrs  from  that  group  in  being  hermaphrodite.  With  all  these  Btrepto- 
neurous  afBnities  one  might  expect  the  genital  apparatus  to  be  of  the  moat 
unsi>ecialized  construction,  i.e.,  vrith  an  hermaphrodite  opening  and  perhaps 
without  oven  a  spermatic  groove,  but  this  is  not  the  case  t  in  iU  ducU  Aetatm 
is  OS  specialized  as  any  Tectibranch.  If  we  attempt  to  draw  up  a  genealogical 
scheme  for  the  group,  we  cannot  place  Ada^on  at  the  root  because  in  this 
particular  it  is  as  higlily  specialized  M  any  form.     Aplytia  on  the  other  hand. 
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vrhile  most  highly  specialized  in  many  of  its  organs,  presents  the  unspecialized 
features  of  having  an  open  spermatic  groove  and  a  much  elongated  visceral 
commissure. 

Section  1.    Bnlloidea. 

Shell  well  developed,  external  or  internal  (absent  only  in  Runcina).  Head 
usually  without  tentacles,  with  a  broad 
cephalic  disc.  Epipodia  continuous  with 
ventral  face  of  foot.  Stomach  generally 
provided  with  masticatory  plates.  In  Actaeon 
and  the  Limacinidae  the  foot  carries  a  semi- 
lunar operculum.  The  pleural  ganglia  are 
clode  to  or  fused  with  the  cerebral.  Visceral 
commissure  long  except  in  the  Limaeinidas, 
CymbuliicUu,  Cavoliniidae,  The  visceral  com- 
missure is  twisted  in  Actaeon  in  the  strepto- 


VI 


Puj.  ZVt .—Actaeon  tornaUilU  (after  Pelseneer)  x  6. 
/  inferior  lobe  of  mantle ;  //  pallial  gland ;  /// 
hypobranchial  gland  ;  IV  pallial  aperture;  V  eye 
and  cephalic  shield ;   VI  penis. 

neurons  fashion,  and  shows  indications  of  tlie 
same  feature  in  many  other  BuUoidea.  For 
instance,  in  Scaphander  the  left  half  of  the 
commissure  passes,  ventral  to  the  oesophagus, 
to  the  subiutestinal  ganglion ;  while  the 
riglit  half  is  placed  mainly  dorsal  to  the 
alimentary  canal  and  passes  to  the  supra- 
intestinal  ganglion  which  supplies  the  gill 
and  the  osphradium.  The  nerve  collar  is 
anterior  to  the  buccal  mass  in  Actaeatij 
Bulla  striata,  Philine,  Doridium,  while  in 
others  {Bulla  hydatis,  B.  cornea^  Accra,  etc.) 
it  is  l>ehind.  The  male  and  female  generative 
openings  may  be  in  common  or  separate.  In 
the  latter  case  the  male  opening  is  at  the 
end  of  the  penis  on  tlie  right  side  in  front 
of  the  mantle  o])ening,  while  the  female  is 
within  the  mantle  cavity  {Actaeon).  When 
there  is  a  conmion  o|)ening  {e.g.,  Ci/mbuliidae, 
etc. )  there  is  a  seminal  groove  to  the  penis. 


Fio.  818.— Nervous  system  otActaeon^ 
dorsal  view,  x  SO  (after  Pelseneer). 
/  cerebropleural  ganglion  ;  //  eye ; 
///  cerebropedal  connective,  IV 
nerve  troux  pleuropedal  connective, 
Fpenial  nerve ;  VI  right  accessory 
pallial,  VII  stomatogastric,  VIII 
supraintestinal,  IX  sub-intestinal, 
and  XI  abdominal  ganglion ;  X 
sab-intestinal  part  of  the  visceral 
commissure,  XIII  supraintestinal 
part  of  same ;  XII  genital  nerve ; 
XI V  osphradial  and  XV  left  acces- 
sory pallial  ganglion;  XVI  para- 
pedal  commissure  ;  X  VII  otocyst ; 
XVIII  pedal  ganglion ;  XIX  pleuro- 
pedal connective. 

Limacinidae,  Cavoliniidae,  PeUa, 
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Fam.  1.  Aotaeonidae.  Cephalic  disc  bifid  behind.  Shell  external  with 
prominent  spire,  entirely  covering  animal;  operculum  homy;  visceral  loop 
streptoneurous ;  epipodia  absent.     Actticon  Montf.  (Fig.  317). 

Fam.  2.  Singioulidae.  Cephalic  disc  forms  behind  an  open  tube.  Shell 
external  with  prominent  spire,  without  operculum.     RingicuUi  Deshayes. 

Fam.  3.  Tomatinidae.  Shell  as  before,  but  spire  concealed.  Radnla  absent. 
Tornatina  Adams ;  Volvula  Adams. 

Fam.  4.  Soaphandridae.  Shell  external,  without  projecting  spire ;  cephalic 
disc  short,  truncated  behind ;  radula  with  first  lateral  very  large ;  epipodia  well 
developed  ;  stomach  with  three  well -developed  calcareous  plates.  Scaphander 
Montf. ;  Cylichna  Loven ;  Amphisphyra  Loveu ;  Atys  Montf. ;  Smaragdinella  Ad. 

Fam.  5.  Bnllidae.  Shell  external  without  projecting  spire;  cephalic  disc 
bifurcated  behind ;  epipodia  large ;  radula  usually  multiserial.  Bulla  L, 
bubble-shell;  Acera  Mllller. 

The  Apluitridae  {Aplustrum  Schumacher)  are  allied  here. 

Fam.  6.  Philinidae.  Shell  internal;  epipodia  large;  cephalic  disc  simple. 
Philinc  Ascanius,  three  calcareous  stomach -plates;  Daridium  Meckel,  no 
stomach -plates,  two  ]>osterior  pallial  appendages ;  Gastropteron  Meckel,  mantle 
and  shell  much  reduced,  epipodia  large,  united  behind. 

Fam.  7.  Bnneinidae.  Cephalic  shield  and  mantle  continuous ;  shell  absent ; 
four  stomach-plates.     Runcina  Forbes  {Pclta  Quatrcfages). 

The  following  three  families  were  formerly  united  as  Pteropoda  Theootomata, 
characterized  by  their  foot  extending  round  the  dorsal  side  of  the  head  and 
being  entirely  transformed  into  two  anterior  lateral  fins,  by  the  existence  of  a 
mantle-fold,  by  the  absence,  in  the  adult,  of  a  ctenidium  (except  in  certain 
Cavolinia)  and  of  eyes,  by  the  presence  of  one  pair  of  tentacles  of  which  the 
right  is  often  the  larger,  by  the  position  of  the  cerebral  ganglia  at  the  sides  of 
the  oesophagus,  by  the  radula  having  three  teeth  in  each  row  (1:1:1),  by  the 
stomach  containing  horny  plates,  and  by  being  pelagic  in  habit.  By  the 
operculum  of  Limacina  they  are  allied  to  Aetaemi,  and  by  the  approximation  of 
the  pleural  to  the  cerebral  ganglia  and  by  the  stomach-plates,  they  are  allied  to 
the  Bulloidea  generally.  The  heart  has  one  auricle  and  one  ventricle ;  the 
kidney  is  on  the  right  side,  and  opens  into  the  pericardium  and  into  the  mantle- 
cavity.  The  genital  glands  open  on  the  right  side,  and  there  is  a  ciliated 
groove  for  the  sperm  leading  from  the  opening  to  the  penis,  which  is  anterior 
and  cephalo-dorsal. 

Fam.  8.  Linmoinidae.  Fins  large,  mantle-cavity  dorsal ;  shell  spiral, 
sinistral  (ultradextral),  opcrculatc.  Anus,  etc.,  on  right  side.  Pertidis  Forbes : 
Limacina  Cuvier. 

Fam.  9.  Cymbuliidae.  Adult  without  shell ;  a  cartilaginoid  pseudo-shell, 
subepithelial  and  formed  by  the  connective  tissue ;  mantle-cavity  ventral. 
Larva  with  a  calcareous,  spiral  operculate  shell.  Cymbulia  Per.  et  Les. ;  Tied- 
mannia  D.  Chiaje  ;  Cymbuliqpsis  Pelseneer ;  Oleba  Forskal ;  DesmopUrus  Chun. 

Fam.  10.  Cayoliniidae.  Visceral  mass  and  shell  not  coiled,  symmetrical ; 
pallial -cavity  ventral.  Cavolinia  Abildgaard  {Hyalca  Lam.,  Fig.  319) ;  Cuvienna 
Boas ;  Clio  L.,  with  subgenera  Crcseia  Rang  (Fig.  320),  HyaUxylix  Fol,  and 
Styliola  Les. 

The  Lophoeeroidae  are  allied  to  the  Bulloidea.  They  have  an  external  shell, 
a  long  foot,  epipodia  separated  from  the  ventral  face  of  foot,  and  a  short  visceral 
commissure,  and  a  ctenidiimi  and  branchial  chamber  on  right  side.  Lobiger 
Krohn ;  Lophocercus  Krohn. 


TBCri  BRANGHUTA. 


Section  2.     Aplr*ioldM. 

The  shell  is  reduced  or  abBeot,  The  head  is  without  cephalic  disc  uid  htu 
two  piira  of  tentacles.  Tlie  epipodia  arise  from  the  sides  of  the  body,  and 
are  not  direct  contiauatious  of  the  ventral  surface  of  the  foot.  The  visceral 
commissure  is  much  ahortened  (except  in  AplysUi),  and  the  n 
closely    aggregated.      There    is   a  ^^ 

second  commissure  connecting  the 
pedal  ganglia  called  the  parapedal 
commissure,  in  addition  to  the 
ordinary  one  ;  i 
Itetween  the  two.  The  osphradiuni 
and   its  ganglion  (supplied   by  a 


OmtBPlwur  {hioa  ewl  oiiiittsd).     A  anus; 

nerve  from  the  supraintestinal)  is  «  flns;  0  gooad ;   Hv  cerebral  i^angllDii:  U 

pUoed    at    the    base    of   the    gill,  »ton«J>;    J(.   m.Ltle-nen,-. ;    H   Wdm,:   O 

{  .  ,  ,^,  *     1  month  1   Ot  upsuing  of  kidspy  into  mantle- 

between  tlieopeninga  of  the  gemtal  „»jty;   0»  o-sophimni :   )•  niodlaii  lobe  of 

organ  and   the  kidney.      There  is  foot;  H  retractor;   Ti  vfnlrtcle;  lf«  clUateil 

a  seminal  groove  leading  from  tile  »hield.    The  termliial  part  of  iptestlne  pasM 

former  to  the  penis,  which  is  on  veptral  to  inlarior,  not;d(i™l  as  here  repn- 

the  right  side  of  the  head.  """**■ 

The  Aplytiidcu  and  the  Pteropoda  GTmBosomfttk  are  included  in  this  section. 
The  Aplytiidoi  have  a  ividely  open  mantle-cavity,  ctenidinni,  and  an  inlemal 
shell,  all  of  which  are  absent  in  the  other  fanjilies.  Fatwaoderma,  however,  is 
said  to  retain  the  cteaidium  in  the  lateral  gill. 

Fam.  1-  Apljliidu.  Shell  internal,  but  the  sac  in  which  it  lies  opens  by 
a  pore  in  the  centre  of  the  dorsal  iorface.  With  a  mantle-cavity  and  ctcnidium. 
Aplysia  L.,  Sea-hare  ;  AplyauUa  Fischer  ;  Pkyllaplysia  Fischer,  shell  ahseot ; 
JVotanAtu  Cuvier,  epipodia  fused,  dorsally  to  the  visceral  sac ;  Dolnhtlla  Lmk, 

The  following  families,  formerly  included  under  Ftaropodk  OTanHonuta,  arc 
without  mantle  or  shell.    The  head  is  well  devclo^ied  and  bears  two  pairs  of 
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tentaclea,  the  posterior  pair  irith  eyea.  Ths  median  p&rt  of  the  foot  conniti 
of  a  posterior  lobe  and  two  antero-Uteral  lohos  joined  in  front  (horw->hij*- 
shaped}  1  the  epipodia  or  fins  are  quite  wparate  from  th'a  median  part  of  the 
foot  and  from  tbe  bead.  The  penis  is  latero-Tentral  on  the  right  nde  of 
the  foot ;  a  groove  leads  to  it  from  the  genital  opening.  There  is  an  eTsginsble 
proboscis  generally  bearing  suckers  or  appendages  with  sucken.  TbeM  hare 
nothing  to  do  witli  the  foot.  The  buccal  cavity  contains  evaginable  hook-Hci 
opening  on  each  side  of  the  radula.  The  Jaws  are  united  ventrally  in  the  middle 
line.  The  stonmoh  is  without  plates.  The  anus  is  on  the  right  side.  Thi 
cerebral  ganglia  are  closely  approximated  on  the  dorsal  aide  of  the  oesophsgu. 
and  the  pleuml  are  near  the  pedal ;  in  this  they  differ  fttim  the  sa-osU(d 
thecosomatous  Pteropods,  and  resemble  the  Aplynidiu.  There  may  U 
branchial  processes  of  the  integument — a  lateral  one  od  the  right  side— and 
a  posterior  gill. 


thfi  proboacU 


Fam.  2.  Fneuniodennatidas.  With  snckers  on  tlie  proboscis.  Danobranekacn 
Boos  ;  Pntuiimderma  Cuvier  (Fig.  321) ;  Sponffiobmnehaea  d'Orb. 

Fam.  3.  Clionopiidae.  Without  suckers  and  buccal  appendages.  Proboaeis 
ver}  long.     Posleriar  gill  tetraradiate.     Ctioiu^>iis  Troschel. 

Fam.  i.  CUonidae.  Witli  conical  glandular  buccal  ap|)endagea  (ceplialocones). 
No  gill.     Clime  Pallas  (Fig.  821). 

Fam.  5.  NotobraaehMidae.  With  conical  buccal  appendages,  nithoul 
lateral  gill.     A'olobranchaen  Pelseneer. 

Fam.  S.  Halopiyobidae.  Body  ovate,  rounded  1>eliind  ;  without  gills  or 
proboscis  ;  lius  broadcueil  at  the  ends.     Balopsyche  Broun. 

Section  3.     FleniabTanahioidea. 

The  head  lia*  t«o  jiaira  of  tentacles,  of  which  the  posterior  are  the  rhiuo- 

phores  ;  the  foot  is  without  e]>i]iodia  ;  the  man  tic -cavity  is  shallow  and  contaius 

a  large  ctenidium  ou  thf  right  side.     The  male  and  female  generative  o]H>nings 

are  near  but  separate,  and  tliere  is  no  aenunal  groove.     The  pleural  ganglia  are 
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«lote  to,  or  fti«ed  with,  the  oerebnl,  nhich  are  themeelve*  cloaelf  approximated. 
The  viscersl  commiwQra  ia  short  and  poeseisea  but  few  ganglia.  Id  Tyladina 
alone  ia  there  an  oaphradium  aod  osphradial  ganglion. 

Fam.  1.  VMbrellidaa.  Visceral  sac  and  external  shell  in  the  form  of  a  flat 
cone  ;  foot  very  thick.     Uml>relia  Lam. ;  Tylodina  Ralinesque. 

Fam.  2.  FlenrobrMiahidM.  Shell  internal  or  absent ;  anterior  tentacles 
forming  •  frontal  velnm  ;  spicales  in  the  mantle ;  foot  flat.  PUurobranehta 
Cnv.,  internal  shell ;  PieurcbraneAaea  Meckel  (Fig,  323),  no  shell ;  Neda  Adams. 

Tribe  2.    HUDIBIAHOHUTA. 

Opisthobrancbs  without  shell  ii 
the  adult 

There   ia   no   ctenidiiun   or 
pbradium  ;   the  nervous  sjstei 


sure;    VII  ibdoDiinal   gsnglK 

biiccA],  A' tCutm.op9if|>hHg«a1^LiRl  toll  ;X/ pedal, 
,Y/i!mb-«rehnili;™imfii.u™;  XIII  peda]  (an- 
glion ;  XI  rcmbro.peili.1  cuiiiinliuiun ;  .VFoto- 
cy>ti  ;frip1«unlgaii«lloii. 


much  concentrated,  and  the  gan- 
glia are  generally  aggregated,  and 
more  or  Ic^  Fused  together,  on  the 
dorsal  side  of  the  oesophagus  ;  but 
the  different  commissii res — visceral, 
pedal,  and  buccal— are  distinct. 
There  are  four  suboesophageal  commissures— the  visceral,  tlie  pedal,  the  para- 
pedal  (a  second  thin  commissure  between  tlie  pedal  gnnglia),  and  the  subcerebral 
(Fig.  324).  In  addition  to  these  tliere  ia  the  stomatogaetric  system,  wliich 
constitutfB  another  commissure  completed  ventral  to  the  oesophagua.  The 
nerves  springing  from  the  visceral  commissure  are  always  unsyni metrical  and 
are  exclusively  genital  and  reno-pericardial. 

The  pedal  commissure  is  generally  long,  but  it  ia  short  in  Fiona,  AneuJa, 
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and  most  Elysioidea,  in  which  the  pedal  ganglia  are  approximated  ventral  to 
the  oesophagus. 

The  parapedal  commissure  is  homologous  \iith  the  same  structure  in  Tecti- 
branchs,  but  it  gives  otf  no  nerves.  The  relation  of  the  aorta  to  these 
commissures  varies,  as  it  does  in  the  Tectibranchs.  The  dorsal  appendages 
or  cerata  are  innervated  from  the  pleural  ganglia,  showing  that  these  structures 
are  homologous  and  of  a  pallial  nature.  The  penis  is  of  a  pedal  nature,  being 
innervated  from  the  pedal  ganglion  as  in  the  majority  of  StrepUmcura. 

The  hermaphrodite  gland  has  male  and  female  acini,  which  however 
communicate.     The  animals  are  protaudrous. 

The  characters  of  s{)ecialization  of  the  Nudibranchs  are  as  follows: 

(1)  Return  to  external  symmetry.  This  was  indicated  in  Tectibranchs,  but 
it  is  carried  further  in  Nudibranchs,  where  there  may  be  complete  external 
symmetry  as  in  the  Doridioidca  with  median  anus,  and  even  internal  symmetry 
in  many  of  the  organs  (heart,  kidney,  liver),  but  never  in  the  generative 
apparatus.     In  the  Tritonioulca  this  internal  symmetry  is  not  found. 

(2)  Displacement  of  the  nervous  system  behind  the  buccal  mass. 

(3)  Concentration  of  the  central  nervous  system  dorsal  to  the  oesophagus. 
The  ])edal  ganglia  are  approximated  to  the  cerebral,  and  the  pleural  are  fused 
with  the  cerebral  except  in  TriUmiidae.  But  as  already  mentioned  in  Fiona, 
Annila,  and  in  most  Ulysiaidea,  we  find  the  pedal  more  or  less  approximated 
ventrally  to  oesophagus,  and  distinct  ganglia  on  the  short  visceral  commissure. 
In  the  presence  of  distinct  ganglia  on  the  visceral  commissure,  often  three  in 
number,  the  Elysioidca  are  more  primitive  than  other  Nudibranchs. 

(4)  Reduction  of  the  number  of  teeth  of  the  radula  (even  to  a  single  tooth 
for  each  transverse  row). 

(6)  Diffusion  of  the  liver. 

(6)  Triaulic  condition  of  genital  ducts. 

The  Tritoiiiidac^  which  are  Nudibranchs  because  they  are  without  ctenidium, 
osphradium,  man  tie- fold,  shell,  and  because  they  have  cerata,  are  without  any 
of  these  features  of  sjMJcialization  ;  except  the  dorsal  grouping  of  the  cerebral, 
pedal,   and  pleural  ganglia,  which  are,   however,  distinct.     But  even  in  the 


OORiO 


JANUS 


EOLIO 


ELVSID 

If  we  had  another  dimension  we  could  connect  the  Elysid  group  and  Janus  to  show  the 
common  presence  of  cerata. 
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QcrTons  system  thcj  bIiow  the  specialized  feature  or  the  reduction  of  ganglia 
on  the  visceral  oommisaure. 

The  Dorids  are  the  most  specialized  of  all  in  posscesing  the  median  auus 
and  the  triaiilic  generative  ducts ;    but   they  lack   the 
dlSiiaion  of  the  liver. 

The  Eolids  arc  highly  specialized  in  their  nervous 
ayatem  sud  cerats,  but  have  the  diaulic  ducts.  Jama, 
however,  goes  further  in  having  a  median  anus,  though 
the  kidney  is  still  lateral ;  but  if  ne  abontd  be  tempted 
to  put  Jania  at  the  top  of  our  genealogical  tree  we  should 
be  prevented  by  the  fact  that  in  its  nervous  system  it 
approaches  IWfcmi'a,  and  that  it  has  diaulic  geuerative 

The  El3rHiidB  retain  priroitivB  features  of  the  nervous 
syttem,  but  in  other  respects  are  the  most  specialized  of 
ths  group.  But  the  nervous  system  drags  them  down, 
and  would  prevent  us  from  putting  them  at  tile  top  of 
onr  genealogical  tree.  Indeed,  by  it  we  might  feel  inclined 
with  Bergh  to  place  tliem  in  a  separate  Tribe  between  the 
TVefi-  and  Kvdi-braachiala. 

Section  1.     Tritwiioidaa. 

The  liver  is  contained  entirely  or  principally  in   the 
visceral  mass.     The  anus  is  on  the  right  side.     There  are   ' 
generally  two  tows  of  branched  dorsal  appendages.     Male 
and   female  openings  coutiguoiu  ;   genital  ducts  diaulic 
The  heart  is  asymmetrical,  being  on  the  right  side. 

Fam.  I.  Tlltoniidfte.  Anterior  tentacles  formiug  a 
frontal  velum,  foot  large.  Pleural  ganglion  distinct  from 
cerebral.  Kidney  a  simple  sac  opening  externally  on  right 
side  above  the  anus.  Two  rows  of  branched  cerata  without 
liver  continuations.  Triioiiia  Cuv.  (Fig.  325),  Mariotiia 
Vaysriere. 


Kio.  »K.—PkglliTlix  frif«pU>'»>  ttmo  the  right  alie,  x  S  (■Ret  Sanlerat).  The  genital  dueta 
anuippuHd  u>b*>  little  unrolled.  /  geulUl  glind ;  IJ  ipertn  avIJuot:  III  bepatic  duct ; 
/rremaU  genital  oriDce;  F pedal  ganglion i  r I allnry  gltoii;  ri I  moatb;  VIII  ttmnxta- 
gutric  ginglioB ;  IX  biiecul  mnu ;  X  tanlacle :  XI  cenbnl  end  pleural  gungUoa ;  XII  lobs 
or  liver  ^  X/II  beirt  In  pericanllnm;  XI  f  renD-perlcntdlal  opening;  XP'ei1«rical  gpenlng 
or  kldner;  Jfr/iniu;  XVII  Wvtr. 
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Fam.  2.  8e]rUuldM.  AnUrior  tentacles  absent ;  two  pain  of  lMrg>  folu- 
ccoua  c«rata  ;  Toot  narroiir.     Scyllaea  L.,  on  floatmg  teaweed. 

Full.  3.  PhjUiihotda*.  Anterior  tentacles  and  corata  absent.  Bod;  mid- 
preased  laterall}',  without  foot  Stomach  with  caeca.  Orifices  on  the  right 
side.  With  fin -like  tail  Transparent.  Pelagic  Fhyttirkoe  Per.  et  Lta 
(Fig.  826). 

Fani.  4.  TethjlilM.  Anterior  tentacles  absent ;  rhinophore*  conici] ;  bed 
surrounded  bj  a  funnel-like  velum ;  cerata  foliaceons ;  foot  Urge ;  raduki 
absent.  TtUxyt  L  Milibt  Bang.  Cerata  of  TetKyi  are  capable  of  independeBl 
moTement  aft^r  separation. 

Fam.  5.  SendronotidM.  Tentacles  forming  a  fringed  frontal  velum ;  centa 
branched  ;  rliinophorcs  arborescent ;  radula  10  : 1  :  10  ;  liver  extending  into  tb 
cerata.     Dendroivil\u  A.  and  H. ;  Htro  Lovjn  ;  LomanDltu  Verany. 

Tribe  2.     SOUDIOIDU. 
Liver  not  bmncbcd  ;  anna  median  posterior,  generally  dorsal  and  surrounded 
by  raniilied    appendages— the   cerata   or   branchiae.     Genital    ducts   trisolic. 
Spicules  in  the  mantle. 

Fani.  1.  Folyeerldae.  A  frontal  velnm  more  or  less  projecting.  Branchiae 
non- retractile.  Riiinopiiores  foliate.  Euploaimus  Pbilippi ;  Triopa  Johnston  ; 
Pol;/tfra  Cuv.;  Ancula  Loviin  ;  Ooaiodorii  Forbes;  Idalia  Leuckirt ;  Edtm- 
tlorit  Vernl  and  Eniertou  ;  Aeginu  Lov^n  ;  AcaitthodorU  Grube. 

Fani.  2.     Doridlda*.    Mantle  coreriog  the  head ;  anterior  tentacles  small ; 
rhinophon^  foliate;   branchiae  retractile  into  a  perianal  pocket-      Jiorit  L,; 
Chromodarii  A.  and  H. ;  Hexabranehta  Ehrbg. 

Fam.  3.  DorldopildM.  Doris-like,  but  montti 
BUCtoiial,  without  rodula.    Doridopni  A.  and  H. 

Fam.  4.  Corambidae.  Doris-like,  but  anos  and 
branchiae  behind,  belon'  the  eiige  of  tbe  mantle. 
Corambt  Bergh. 

Fam.  Q.  PhyllidiidM.  Month  sucteria) ;  no 
radula  ;  braucliiae  all  round  the  body  between  the 
niantlc  and  the  foot.     FhijUidia  Cuvier. 


Tribe  3.     AEOLIDIOIIIBA. 

The  liver  caeca  extend  into  the  cerata,  ubich  oltau 
contain  neniatocysts.  Genital  duct  diaulic,  with 
contiguous  male  and  female  oprniugs.  Jaws  are 
present. 

Fani.  1.     AMlidida*.    Cerata  terminating  in  open 
sacs  (Fig.  329),  wliicli  commimicate  with  tbe  liepatic 
Kii    if —ii    I        I  caeca  aiid   give  origin  by  their  lining  epithelium  lo 

'(.^''mo^'^  Ld'm^.      nematocjats  (Fig.  330).     Aeolis  Cuvier  (Fig.  32S). 
cii'kX  /IrtiillK;  A  aims;  Fam.    2.     Olanoldas.     With   three  jiairs  of  latenl 

ytviilai'l*.  lolws  (cerata)   carrying  tcgunientary  papillae.     Foot 

narrow.     Illaiiciii  Forster. 
Fam.  3.   Plenrophfllidiida*.   Anterior  tentacles  constitute  a  burrowing  shield. 
Draiicbiae  ijcneatli  the  edge  of  tlie  mantle  ;  radula  30  :  1  :  30.    PUurapKyllidia 
Meckel  (Fig.  331) ;  DrrmatobmiuJiui  Van  Haaselt 

Fam.  4.     Lotoitidae.    Cerata  tulierculatcd,  without  neniatocysts,  and  in  one 
row  on  each  side.    Doic  Oken. 
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Fam.  5.  FnwtoiLOtidM.  Anua  posterior  in  the  middle  dorsal  line.  Anterior 
tentades  atropbied.    Janiu  Versn;  ;  ProcUmetut  A.  and  H. 

Fbhi.  6.  Fionldao.  Liver  as  two  longitudinal  canals,  into  which  opeu  the 
caeca  of  the  cerata.     Fiona  Hancock  and  EmbletoD. 

THb«  4.  SLTHIOISKA  (8ACC0OLO8BA). 
Liver  branched,  the  branches  generallj  extending  into  cerata.  Genital  ducts 
ulnally  triaolic,  with  widely  separated  Ksnitat  openings,  Tlie  vaginal  orifici- 
ii,  in  some  cases  at  any  rate,  developed  later  than  the  other  tn-o  openings. 
Without  jaws.  Hadala  with  one  seriea  of  strong  teeth,  the  woru-oot  teeth  al 
the  front  end  not  dropping  off,  but  preserved  in  a  special  sac  (Amogtatia  Bergh). 
The  pedal  ganglia  are  near  together,  and  the  riscentl  commissure  has  three 
ganglia  almost  in  contact. 


Pio.  SSB.  —  Am)U  pa^UetB 
Unar  Alder  »nda.ncMk). 
Rp  dorsal  ^plllac  (cents). 


Faro.  1.  HmnMidM.  Cerata  in  several  rows;  anus  dorsal  Etnnatt' 
Lovin,  Sliliger  Ebrb.,  Phyllobrasiciau  A.  and  H.,  C^/erce  Bergh,  hepatic  caeca 
do  not  extend  into  cerata  ;  Aldfria  Allmau. 

Fam.  2.  nytildae.  Cerata  absent ;  dorsal  integument  forms  two  lateral 
eipanaions  containing  hepatic  caeca.  Anns  lateral.  Reno-pericardisl  openinga 
Elyiia  Bimo, 


Fam,    3.      LimftpontiidM.      Witliout   Utenl   expuuinua   or  cent&.      Anu 
median   postcro- dorsal.      Liver  but  little  branched.      Limapontia  Johniton; 

uncertain :  they  are  planarian-like  naked 
forma,  without  branchiae,  ten- 
tacles, buccal  mass,  or  radnlt. 
Recent]]'  it  has  been  sborn* 
that  the  larva  of  thii  forni  i< 
without  a  shell :  tbiu  defltroying 
the  main  reason  for  regarding  it 
as  a  nndihranch  mollusc. 


Sul>-order  2.  Pnlmonata. 
Eulhynettra  in  irhirh  the 
pdUial-carily  ie  modified  m 
a  lunij,  ami  is  irtfkoul  a 
etenviium.  The  opening  oj 
the  yailial-canly  in  etnaii. 

The  patlial-cavity  ia  often 
leduced,  as  well  as  the  shell 
Sometimes  the  shell  is  in- 
ternal or  absent.  There  is 
never  an  operculum  in  the 
adult  except  in  Atnpkibdia 
(it  is  present  in  the  young 
stages  of  Aurictiia,  Siphon- 
aria,  Gadinia).  The  roof 
of  the  mantle-cavity  is  pro^ 
« muutr%  t«iiiMie°dirtidT7  fool!  *"  '  vided  with  a  network  of 
vessels  for  aerial  respiration, 
and  the  mantle-cavity  constitutes  a  lung.  In  Vaijintdue,  Peronia,  and 
OtiehuHum  the  lung  is  alwent  in  consequence  of  the  almost  complete 
disapjjcarance  of  the  mantle-cavity.  In  some  cases  the  lung  may 
be  filled  with  water  and  serve  for  aquatic  respiration  (Siphonaria, 
some  Liiimaea  and  Planorbia).  The  auricle  is  usually  in  front  of 
the  ventricle.  The  kidney  has  usually  a  more  or  less  elongated 
duct  (ureter). 

The  ojwning  of  the  pallial-cavity  is  reduced  to  a  pore  placed  on 
the  right  side.  The  anus  and  renal  openings  are  placed  near  the 
opening  of  the  lung  (in  Aui-ieula  alone  does  the  anus  open  in  the 
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lung  sac).  The  generative  organs  open  some  way  in  front,  on 
tlie  right  side. 

The  Ptdmonata  are  generally  terrestrial,  sometimes  fresh-water, 
rarely  marine.  They  are  cosmopolitan  and  include  about  6000 
species.  They  generally  become  torpid  during  jmrt  of  the  year — 
in  warm  countries  in  the  dry  season  (aestivation),  in  cold  in  winter 
(hibernation).  Hibernation  in  this  country  lasts  about  one  quarter 
of  the  year,  and  during  it  the  heart  beats  no  more  than  twice 
a  minute. 

The  mouth  armature  consists  of  an  unpaired,  homy  upj>er  jaw 
(which  may  be  absent),  and  of  a  radula  with  a  great  number  of  teeth 
in  the  transverse  row. 

All  are  hermaphrodite.  A  few,  e.g,  species  of  ClavsiUa  and 
Pupa,  are  viviparous.  Most  lay  eggs,  either,  as  in  the  fresh-water 
forms  on  water  plants,  united  in  tubidar  or  flat  masses,  or  as  in  the 
terrestrial  forms  in  damp  places,  each  one  being  surrounded  by  a 
protecting  shell  which  may  be  calcareous.  The  ovum  is  always 
embedded  in  a  large  mass  of  albumen,  which  serves  as  nourishment 
for  the  developing  embryo. 

Tribe  1.     BA80XMAT0PH0RA. 

Shell  always  present  and  external.  Tliere  is  one  pair  of  non-invaginablc 
tentacles,  at  the  base  of  which  are  the  eyes.  The  penis  is  remote  from  the 
female  orifice  (except  in  Amphihola  and  Siphonaria).  In  Auricula  alone  among 
Pulmonates  is  the  hermaphrodite  duct  not  divided ;  and,  passing  from  its  o|)ening 
which  is  anterior  to  the  mantle-opening,  there  is  a  groove  which  is  closed  in  front 
and  leads  to  the  penis.  The  closed  part  of  this  groove  lies  close  beneath  a 
superficial  groove  in  the  skin.  In  Amphihola^  Chilitm,  and  the  Siphonariidae 
the  duct  splits,  but  the  penial  and  vaginal  openings  are  joined.  There  is 
generally  a  circular  osphradium  near  the  opening  of  the  pulmonary  cavity, 
between  it  and  the  renal  opening.  Radula  multiserial.  Fresh -water  or  quasi- 
marine. 

Fam.  1.  Anrioolidae.  Terrestrial,  usually  maritime.  Respiratory  aperture 
behind.  Shell  spiral.  Auricula  Lam.,  found  in  brackish- water  swamps  of 
tropical  islands,  on  roots  of  mangroves,  and  by  small  streams  within  the 
influence  of  the  tide ;  traces  of  small  anterior  tentacles ;  Canjchium  Muller ; 
AUxia  Lam..;  Pedipes  Adanson;   Melampus  Montf.;  Otina  Gray. 

Fam  2.  Amphibolidae.  Visceral  mass  and  shell  spiral ;  operculum  present. 
Aquatic,  marine.  Amphibola  Schumacher,  shores  of  New  Zealand  and  Pacific 
Islands. 

Fam.  8.  Siphonariidae.  Visceral  mass  and  shell  patelliform ;  tentacles 
atrophied;  marine  with  aquatic  respiration.  Siphonaria  Sow.,  secondary 
branchial  lamellae  on  roof  of  mantle-cavity  ;  Oadinia  Gray,  no  branchia. 

Fam.  4.  Lixnnaeidae.  Fresh-water  animals  with  aerial  respiration.  Shell 
variable.     Limnaea  L. ;  L.  stagnalis  L.,  pond -snail;  Amphipeplea  Nillsson  ; 
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Physa  Drapamaud  ;  Plawnhis  Guettard,  spire  in  same  plane ;  Aneylus  Oeoffroy, 
river-limpet,  visceral  mass  conical. 

Fam.  5.  Chilinidae.  Pulmonary  aperture  larger  than  in  any  other  pulmonale. 
Visceral  commissure  longer  than  usual.     Chilina  Gray,  Chilian-snail. 

Tribe  2.     STTLOlOIATOPHOItA. 

Two  pairs  of  invaginable  tentacles  (except  Atkoracophorus),  the  posterior  being 
oculiferous  ;  male  and  female  openings  united  (except  in  Vaginulus,  Onehidium, 
and  Peronia) ;  no  osphradium. 

Fam.  1.  Suooineidae.  Anterior  tentacles  reduced  ;  male  and  female  openings 
distinct,  but  contiguous.     Sticcinea  Drapamaud,  amber-snail. 

The  Athoraeophoridae  {Atkoracophorus  Gould)  are  allied  here. 

Fam.  2.  Helioidae.  Land-snails.  Shell  external,  spire  short ;  genital  organs 
generally  with  a  dart  and  multifid  vesicles  ;  genital  orifice  under  right  tentacle. 
ffelix  L.,  over  1600  species;  ff,  asptrsa  Muller,  hedge -snail ;  H.  pomcUia  L, 
Roman  snail;  Vitrina  Drap.,  glass-snail;  Bulimus  Scopoli  (1200  species); 
Hemphillia  Binuey  and  Bland.  , 

The  Philomyeidae  {Philomycm\  without  shell,  allied  here. 

Fam.  3.  Arionidae.  Shell  absent,  or  represented  by  calcareous  granules  in 
mantle.  Slug-like.  Genital  opening  just  below  pulmonary.  Arion  F^r.,  land- 
sole  ;  eggs  of  A.  hortensis  phosphoresce  for  15  days  after  deposition. 


Fio.  832.— ^non  em^nrUor^im  (regne  animal).    Al  respiratory  aperture. 

Fam.  4.  Pupidae.  Shell  external,  spire  long ;  male  duct  without  multifid 
vesicles.  Pupa  Lam.,  chrysalis  shell ;  Clausilia  Drap.;  Vertigo  MUller  ;  Zospeum 
Bourguignat ;  Balea  Prideaux  ;  Fcrussacia  Risso  ;  Caecilianella  Fer. 

Fam.  5.  Limacidae.  Slugs.  Shell  small  or  absent,  generally  internal,  may 
be  spiral ;  tail  often  with  mucous  pore.  Genital  ducts  without  multifid  vesicles ; 
genital  opening  under  right  tentacle.  Limax  L.,  slug,  mantle  reduced,  shell 
internal,  51  species;  Vitrina  Drap.,  glass-snail  (here  or  with  ffelix);  Parma- 
cella  Cuvier  ;  Zonites  Montf. ;  Urocyclxia  Gray ;  Orpiella  Gould. 

Fam.  6.  Testaoellidae.  Pharynx  protractile ;  jaw  absent ;  cervical  region 
elongated.  Slug-like,  or  with  visceral  sac  spirally  coiled ;  carnivorous.  Olan- 
diiia  Schumacher ;  Daudehardia  Hartm. ;  Testacclla  Cuv.,  slug-like,  subterranean, 
feeds  on  earthworms,  S.  Europe,  Canaries,  introduced  into  Britain. 

Fam.  7.  Vag^olidae.  Without  shell;  male  opening  beneath  the  right 
tentacle,  female  midway  beneath  the  mantle ;  respiratory  and  excretory  orifices 
at  hind  end.     Vaginulus  Fer.;  Atoj)OS  Simroth. 

Fam.  S.  Onehidiidae.  Marine,  without  shell,  mantle  often  warty,  some- 
times with  eyes ;  genital  openings  widely  separate ;  female  opening  posterior, 
near  anus ;  anus  and  pulmonary  opening  as  in  Vaginulus,  Oriehidium 
Buchanan ;  Peronia  Blainv* 
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COasB  V.     CEPHALOPODA.* 

With  well-marked  Tiead,  a  circle  of  processes  bearing  suckers  or 
tentacles  round  the  mouthy  and  a  funnel  composed  of  two  separate 
or  fused  halves.  The  genital  coelom  is  continuous  mth  the  peri- 
cardial.    Dioecious, 

The  Cephalopoda  are  symmetrical  animals  with  a  much-shortened 
antero-posterior  axis,  and  with  a  strongly -developed  visceral  sac, 
which  has  undergone  neither  torsion  nor  asymmetrical  development, 
and  which  is,  except  in  Nautilus,  unprotected  by  an  external  shell. 
The  mantle-fold  is  circular  and  the  mantle -cavity  is  especially 
developed  on  the  posterior  side  of  the  visceral  sac;  in  it  are  placed 
the  ctenidia,  either  two  (Dibranchiata)  or  four  (Tetral/ranchiata\ 
and  into  it  open  the  median  anus,  the  ink-sac,  the  paired  kidneys, 
and  the  genital  duct  There  are  always  processes  round  the 
mouth,  which  are  either  lobe-like  and  carry  tentacles  as  in  the 
Tetrabranchiates,  or  are  arm -like  and  carry  suckers  as  in  the 
Dibranchiates.  They  are  active,  voracious  animals,  with  a  complex 
organization,  highly  developed  sense-organs,  and  often  possessed  of 
considerable  intelligence.  The  Cephalopods  are  marine  animals, 
some  frequenting  the  coast,  others  the  high  seas,  and  some  the 
floor  of  the  ocean  to  a  depth  of  nearly  2000  fathoms.  About  400 
species  are  known.  They  feed  on  the  flesh  of  animals,  especially 
Crustacea,  and  some  of  them  attain  a  great  size.f  The  flesh  is 
eaten,  and  the  colouring  matter  of  the  ink-sac  (sepia)  and  the  dorsal 
shell  (os  sepiae  or  cuttle-bone)  are  used  by  man.  The  remains  of 
Cephalopods  occur  in  all  formations  from  the  Cambrian,  and  con- 
stitute important  characteristic  fossils  (Belemnites,  Ammonites). 

*  F^rossac  et  d'Orbigny,  '^Histoire  ruUurelU  ginirale  et  partieulUre  des 
Ciphalopodea  cxitabuHflres  vivanis  et  foaaUea"  Paris,  1836-45.  J.  B.  Verany, 
**Mollusques  midUerraTiU  observe,  etc.,  d'apris  U  vivaiU,*^  1«  Partie,  Genes, 
1847-51.  H.  Muller,  "  Ueber  das  Manochen  von  Argonauta  argo  u.  die  Hec- 
toootylen/'  Z,  f.  %o,  Z.,  1855.  Jap.  Steenstrup,  '*  Hectocotylus  dannelsen  hos 
Octopodsl.,  etc.,"  K.  Darika,  Videnak.  Selskaha  SkrifUry  1856 ;  translated  in 
Archiv,  f.  N(Uurffe8eh.f  1856.  G.  Grobben,  '^Morphologische  Studien  tlb.  den 
Harn-u.  Geschlechtsapparat,  etc,  der  Cephalopoden,"  Arb,  a.  d.  Zool.  InU. 
fVien,  5,  1884.  W.  E.  Hoyle,  "Report  on  the  Cephalopoda,"  Challenger 
Reports,  vol.  16,  1886.  J.  Brock,  '•Zur  Anat.  u.  Syst.  a.  Cephalopoden," 
Z.  f.  w.  Z.J  36,  1882.  P.  Pelseneer,  ''  Sur  la  value  morpbologique  des  bras  et  la 
composition  du  syst.  nerv.  cent.  d.  Cephalopodes,"  Arm.  Biol,  8,  1888. 
Milne- Edwards  et  Valenciennes,  "Obs.  sur  la  circulation  chez  les  Mollusques,'* 
Mem,  Acad.  Sci.  Paris,  20,  1840.  Yigelius,  "Ueb.  d.  excretionssystem  der 
Cephalopoden,'*  Niederl.  Arch.  f.  Zool.,  5,  1880.  Milne -Edwards,  ''Sur  les 
spermatophores  des  C^phalopodes,"  Ann.  Sci,  Nat,  Zool.  (2),  18,  1842. 

t  Specimens  of  Arehiteuthia  have  been  taken  measuring  from  apex  of  visceral 
sac  to  end  of  extended  arms  more  than  50  feet,  and  with  eyes  15  inches 
across. 

2  E 
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The  normal  awinmung  position  for  a  Cephalopod  (Fig.  333)  is 
horizontal,  with  the  anterior  surface  of  the  viaceral  sac  upward, 
and  the  posterior,  i.e.,  the  surface  on  which  lies  the  mantl&^avit^ 
and  the  mantle -opening,  downward.  When  creeping  the  aoimals 
apply  their  arms  to  the  substratum  and  the  hump  pTojects  backwaid 


■Otf^it  mlgarii  («ncr  Menuliano,  rntii  Luig),  In  ■wiiuming  ud  ilttlng  podtlaiii. 


Bearing  in  mind  these  facta  and  the  fact  already  mentioned  that 
the  antero-poaterior  axis  is  much  shortened,  the  ordinary  terminology, 
which  ia  often  confusing,  u»ed  in  describing  Cephalopoda  will  be 
readily  understood.  The  ventral  siirface  is  the  region  including  the 
mouth  and   the  anus.      The  funnel    is  therefore  a  purely  ventral 
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atructnra  The  doisal  surface  includes  the  visceral  sac;  roughly 
the  apex  of  the  visceial  sac  may  be  reganled  as  the  middle  of 
the  dorsal  surface.  The  anterior  end  is  that  surface  of  the  "head  on 
the  sides  of  which  the  eyes  are  placed ;  while  the  pi  a,  tc  end 
may  be  said  to  be  marked  by  the  anua.  Inasmuch  m  th  ■  vis- 
ceral sac  is  normally  carried  horizontally,  the  words  "upper"  and 


"lower"  are  sometimes  used  in  the  sense  of  "anterior-dorsal"  and 
" posterio ventral "  respectively;  further,  inasmuch  as  the  v^eral 
hump  is  sometimes  shown  in  figures  in  its  proper  morphological 
position,  as  standing  straight  up  above  the  head,  the  words  upper 
and  lower  are  sometimes  used  in  the  sense  of  dorsal  and  Tentral. 
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In  our  descriptions  the  words  upper  and  lower  will  be  discarded, 
and  we  shall  use  only  anterior  and  posterior,  dorsal  and  ventral, 
in  the  sense  described  above. 

The  head  is  sometimes  described  as  being  placed  in  the  centre 
of  the  foot,  and  the  arms  are  looked  upon  as  the  frayed-out  maigins 
of  the  foot ;  on  this  view  the  name  Cephalopoda  is  justified  anatomi- 
cally as  well  as  functionally.  On  the  other  hand,  this  view  is  not 
taken  by  all  anatomists,  many  of  whom  regard  the  funnel  as  tlie 
sole  representative  of  the  foot  of  other  Gastropods.  We  shall 
consider  this  question  further  on. 

The  head  is  well-developed,  and  carries  on  its  anterior  sides  a  pair 
of  conspicuous  and  generally  elaborate  eyes.  Immediately  beliind 
(ventral  to)  the  eyes  there  is  often  on  each  side  a  pit  supposed  to  be 
olfactory.  In  certain  Oegopsida  the  eyes  are  stalked;  in  NatUUus 
they  are  also  stalked,  and  there  are  on  each  side  two  cephalic 
tentacles  in  relation  with  the  eye,  the  preocular  and  the  postocular 
tentacles  (Fig.  338,  iV.o,  Pt.o), 

The  margins  of  the  head  are  produced  into  exceedingly  muscular 
sucker-bearing  arms  in  the  Dibranchiates,  and  into  tentacle-bearing 
lobes  in  Nautilus,  Of  the  former  there  are  always  four  pairs  (Od(h 
podu),  and  sometimes  five  (Decapoda) ;  they  are  arranged  in  a  circle 
round  the  head,  and  the  anterior  arm  of  each  side  is  called  the  first, 
while  the  posterior  arm,  viz.,  that  nearest  the  funnel,  is  called  the 
fourth.  The  arms  of  the  fifth  pair,  which  are  found  in  the  Decapoda, 
are  longer  than,  and  attached  somewhat  internally  to,  the  others 
between  the  third  and  fourth ;  they  are  often  inserted  into  pits,  into 
which  they  may  be  retractile  (Sepia,  Sepiola,  Rossia),  and  are  called 
the  prehensile  or  tentacular  arms.  The  tentacular  arms  have  suckers 
only  near  their  free,  club-shaped  end,  but  the  other  arms  are  suckered 
all  along  their  internal  (oral)  surface. 

The  basal  parts  of  some  or  all  of  the  eight  arms  of  the  Odopoda 
may  be  united  by  a  membrane;  in  Tremoctopus  the  four  anterior, 
in  Hisfioteuthis  the  six  anterior,  in  Alloposus  and  Cirroteuthis  all  the 
arms  are  so  united  along  their  whole  length.  The  umbrella  so  formed 
assists  in  locomotion  by  its  alternate  contraction  and  expansion. 

In  the  female  Argonauta  (Fig.  335)  the  terminal  parts  of  the  two 
anterior  (doi*sal)  arms  are  expanded  into  thin  membranes  (veUi),  which 
secrete  the  unilocular  spiral  shelL 

Finally,  in  the  males  one  of  the  arms  is  more  or  less  modified  for 
the  purposes  of  sperm-transference  in  reproduction.  The  arm  so 
modified  is  said  to  be  hectocotylizedy  because  in  some  species  {ArffO- 
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naida,  Tremoctopm,  Philonexig)  it  is  entirely  detached  from  the 
male  snd  left  in  the  mantle-cavity  of  the  female,  where  it  was  found 
by  Cuvier,  who  mistook  it  for  a  parasitic  woim  and  called  it 
Hectocotylua. 

The  RDckera  are  atatked  in  Dmapada,  sessile  in  0<iopoda.  Further,  in  Dtea- 
foda  they  hare  a  liomy  ring,  nhicli  nuy  tw  smooth  or  dentlciiUted  in  some  cas»s ; 
on  certain  parts  of  the  arms  the  suckers  may  be  replaced  by  hooks,  and  on  the 
teataonlar  arms  of  Onychoteuthii  a  large  retractile  hook  ariaee  from  the  centre 
of  each  sucker.  The  suckers  consist  of  a  disc-like  surface,  in  the  centre  of  which 
is  a  pit ;  the  depth  of  this  pit  can  be  increased  by  the  retraction  of  ita  bottom, 
to  which  moacle-fibres  are  attached. 


In  the  Tetrabranchiatcs  [Nauiihu)  there  are  no  arms,  but  in  their  place  we 
find  lobe-like  prolongations  of  the  margin  of  the  head,  which  bear  tentacles. 
The  tentacles  are  retractile  into  sheaths,  which  are  possibly  coniiarable  to  the 
tuckers  of  the  Dibranchiates.  Tlie  lobes  are  as  follows  (Fig.  336) ;  an  eitmial 
annular  lobe  {b),  the  anterior  part  of  which  forms  the  hood,  into  which  the  coil 
of  the  shell  Hts,  while  the  posterior  part  is  much  reduced  ;  this  lobe  carries 
19  tentacles  on  each  side ;  within  the  annular  lobe  are  in  the  female  three  tenta- 
cnliferoos  lobes,  a  posterior  (ventral)  and  two  lateral  [ft,  c) :  in  the  male  the 
posterior  lobe  (if)  is  reduced  to  a  paired  group  of  lamellae  and  bears  uo  tentacles, 
and  the  right  and  left  inner  lobes  are  divided  into  two  parts,  a  larger  and  a 
smaller.  On  the  posterior  inner  lobe  of  the  female  there  ia  a  lamcUatod  organ  [n], 
and  behind  it,  on  the  inner  side  of  the  annular  lohe,  another  lamellatad 
organ  (in)  to  which  the  sperm atophorea  of  the  male  appear  to  be  affixed  (Kerr). 
In  the  male  the  smaller  of  the  two  parts  into  which  the  left  inner  lohe 
is  divided  ends  in  imbricated  modified  foliaceoua  tentacles  (p) ;  it  is  the 
tpadix,  and  has  been  regarded  as  the  lobe  used   in  sperm  transference  and 
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corTMponding  to  the  liectocot;lU«d  arm  of  Dibrancha.  The  comBpondiiig  put 
of  the  right  iuoer  lobe  carries  four  teabtcles,  and  U  called  the  aniUpadix  {q). 
In  additioii  to  theae  tentaclM 
of  the  lobes,  there  are  th« 
four  ocular  teataclea  already 
referred  to. 

The  fnimal  is  a  tube 
vntii  musculftr  walls  lead- 
ii^  into  the  maatle-cavity, 
and  often  cDntaining  (in 
Nautilus  aod  most  Deca- 
pods) a  valve  which  admits 
of  -passage  outwards  only. 
It  is  placed  on  the  ven- 
tral surface  behind  the 
head,  and  is  to  be  regaided 
either  as  the  entire  foot 
of  the  animal,  or  as  the 
epipodia,  the  rest  of  the 
foot  having  been  wrapped 
round  the  head  and  frayed 
out  peripherally  into  the 
ftrme  or  lobee.*  The  view 
that  the  funnel  represents 
the  whole  foot  is  strongly 
suggested  by  the  amtuge- 
ment  in  NatUi/ue.  In 
this  animal  it  consists  of 
two  muscular  lateral  lobes 
of  the  ventral  surface  just 
behind  the  head,  which 
are  rolled  round  one 
another  without  fusion. 
When  these  lobes,  which 
are  of  considerable  size, 


Fio.  33S.— Oral  lurfkcs  oT  i 
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tiuU  (J)  and  ftmals 
tpiliia  In  tba  eipaaded 

heah^lll  b  tbe  (iternal 
tsclen  on  eub  gide,  and 
le  hood  (Fig.  S9;)ieUia 
fh  carTTlng  13  t«ntacl« 


Beprojecl 


)  1  /the  te 


balonglDg  to  Uis  hood  ; 


terloc  Untaclei  of  thl> 
i  (Dperlor,  k  inftiioc  opli 
laiuellilcd  orgu  on  the 
fenule ;  n  paired  Uiuli 
le  pogterlor  inner  lobe  o 
■pailliil  gBntiapadii. 


1  that  the  a 


s  repre 
opinion  aatisfactorilv  estahliahea 
"  V  is  derived   from  that  portion  o 


k  portion  of  the  foot  is  not  in  ODT 
ata  largelj  npon  the  fact  that  the 
supply  is  derived  from  that  portion  of  Uie  centnl  nerrons  system 
which  ia  supposed  to  represent  the  j)edsl  ganglion  of  other  MoUvtca.  Bnt 
this,  as  Graham  Kerr  haa  pointed  out,  ia  not  a  strong  argument,  for  a  main 
reason  for  regarding  that  part  of  tiie  central  nervaus  Hysteni,  from  which  the 
bracliiat  nerves  arise,  as  pedal,  ia  tliat  the  nerves  Ui  the  anns  arise  Irom  it 
jLs  pointed  out  below,  separate  and  distinct  ganglia  are  not  diatinguiabable 
in  the  central  nervous  system  of  Cephalopoda. 
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are  unrolled  and  flattened  out,  their  resemblance  to  the  foot  of  a 
Gastropod  is  considerable,  and  Graham  Kerr  has  suggested  the 
possibility  of  the  animal  being  able  actually  to  imroU  them  in  life 
and  to  use  them  as  a  foot  (Fig  337)  In  the  Dibninchs  the  edges 
of  these  folds  are  fused,  so  that  the  funnel  is  a  complete  tube 
(Fig.  334),  and  in  both  Dibrancha  and  NatUUtta  the  broad  hinder 
part  of  it  is  covered  by  the  mantle  folds 

On  each  side  of  the  funnel  there  la  in  Decapods  a  pecuhar  sucker- 
like arrangement  by  which  the  mantle  fold  can  be  attached  to  the 
funnel  so  as  to  close  the  general  mantle-opening,  it  consists  of  a 
smooth  cartilagmous  projection  on  the  mantle,  and  a  corresponding 


Via.  SST.— Side  ilm  ol  KimlUiu  pimiilliai  tilncted  from  thtalKll,  Utertuuiel  hu  bWD  opnwd 
Mt,  ud  Oit  DUiDtIe-B>p  putly  cntsny  (iRcr  Onhini  Ken),  /funnel ;  i  eye :  fgiU  1  khood ; 
lit  cat  edgo  of  muitle ;  t  aipkaacla ;  t  t«DUciiUfrrouB  lobei. 

depression  on  the  funnel.  In  the  Oetqpoila  the  mantle-fold  is  fused 
to  the  head  anteriorly  and  lat^niUy,  so  that  the  mantle  opening  is 
much  restricted. 

The  deep  part  of  the  mantle-cavity  is  placed  on  the  posterior 
surface  of  the  visceral  sac,  which  in  the  natural  position  is  the  under 
surface.  It  has  in  Dibranchs  thick,  muscular  walls,  and  it  contains 
one  or  two  pairs  of  bipectinate  ctenidia,  the  median  anus,  the  paired 
renal  openings,  and  the  generative  opening,  which  is  sometimes  sii^le 
and  sometimes  paired.  The  regularly  repeated  contraction  of  the 
mantle-mUBCles  causes  the  expulsion  through  the  funnel  of  the  re- 
spiratory water,  which  has  been  taken  in  through  the  mantle-opening, 
and  with  it  of  the  excreraentitious  (renal  and  anal)  and  generative 
products.  When  the  contraction  is  rapid  and  violent  the  jet  from 
the  funnel  causes  the  animal  to  shoot  rapidly  backwards ;   on  any 
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alarm  the  ink -gland,  which  opens  with  the  anus,  poura  out  its 
black  secretion  into  the  water  in  the  mantle-cavity,  so  that  on  the 
retreat  of  the  animal  backwards  ui  the  rapid  manner  just  explained, 
the  ejected  water  is  black  and  produces  a  murky  cloud  which 
completely  obscures  its  movements,  and  under  cover  of  which  it 


Nautilus  alone  has  an  external  shell  secreted  by  the  mantle.  It 
is  spirally  coUed,  the  coil  being  directed  on  to  the  anterior  face  of 
the  animal,  i.e.,  being  of  the  kind  called  exogaetric;  moreover,  it  ii 
divided  by  transverse  septa  into  chambers.     The  bulk  of  the  animal 
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occupies  only  the  last  of  these  chambers,  but  it  is  incorrect  to  ssy 
that  nil  the  chambers  except  the  last  are  untenanted  by  the  miimftl, 
for  there  is  a  delicate  process  of  the  dorsal  end  of  the  hump — the 
siphon  or  siphunclc,  which  is  coated  with  a  thin  layer  of  calcareous 
matter,  and  passes  through  nil  the  septa  right  up  to  the  first  chamber. 
The  chambers  of  the  shell  contain  a  gas  which  is  said  to  have 
approximately  the  composition  of  ntmosplieric  air. 

The  retractor  muscles  of  the  hend  and  foot  are  inserted  on  to  the 
internal  wall  of  the  shell,  and  a  small  anterior  flap  of  the  mantle-fold 
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extends  oa  to  the  convexity  of  the  coil  juat  dorsal  to  the  hood 
(Fig.  338,  Ma). 

In  the  Dibranchs  there  is  a  spiral,  chambered,  mantle-ehell  in  the 
Decapod  Spinda,  but  it  a  coiled  in  the 
opposite  way  to  that  of  Nautilus  (endo- 
gastric),  and  does  not  enclose  the  vis- 
ceral aac.  It  is  in  fact  partly  internal, 
being  largely  covered  by  lobes  of  the 
mantle.  The  septa  are,  however,  per- 
forated by  a  siphon,  which  contains  a 
prolongation  of  the  visceral  sac. 

In  certain  extinct  Dibrancha  there 
was  a  similar  internal,  chambered  shell 

— either   coiled    {Spirvli- 

rostra)  or  straight  {^Bdem- 

nitidae).    That  these  were 

internal  or  partly  internal 

is  shown  by  the  fact  that 

the    chambered    part    of 

the  shell  or  pliragmocotie 

is  covered  by  a  calcareous 

layer,     often     laminated, 

which  forms  the  ro»tntm 

or  ffuard.     In  the  Belem- 

nitea     the    wall    of    the 
pe^iT^mvT    pliragi'"^o'>^   (conatheca) 

is  continued  forwards  into 
a  prooatracum,  which  must  have  been 
somewherB  in  the  neighbourhood  of  the 
animal's  body  and  head. 

In  all  living  Dibrancha  except  Spiruia 
the  shell  is  quite  internal,  being  con- 
tained in  a  sac  in  the  anterior  wall  of 
the    visceral    sac,    and    much    reduced.  I  Fi".  mo.— ftimnii 

b.i         ,.      ...  ..,     ...  ...  io«inH  of  th"  bodj-of  the  rnilniBl 

the  Hepiidne,  or  cuttle-fishes,  it  is  .^^^^  Hmiey)  a  mua  wJtii 
called  tlie  eutile-hmie  or  gepiosfaire,  and  hoou*:  h  h«ii;  c  ink-bag ;  j 
consists  of  a  broad   plate  composed  of  ■    s      ■ 

laminated  tissue  containing  air  spaces  and  ending  behind  in  a 
pointed  rostrum.  In  the  Squids  it  is  a  lamellar  body  composetl 
of  conchyolin,  without  calcareous  matter,  and  is  called  tbe  jwh. 
In  the  OelojKxla  both  the  shell  and  ite  sac  are  absent.     Tbe  shell  of 
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the  female  Argonaut,  which  has  already  been  referred  to,  is  not 
a  montle-alieU.  Fins  of  Torioua  forms  are  often  present  as  latenl 
expansions  of  the  mantle. 

The  dermis  contains  the  remarkable  chroflUtophofM  which  cauw 
the  well-known  play  of  colours.  These  consist  of  lai^  cells  filled 
with  pigment  (red,  blue,  yellow,  or  dark  colours);  to  their  walls, 
which  are  formed  of  a  cellular  membrane,  numerous  radiating 
muscular  fibres  (by  some  observers  said  to  be  connective  tissue 
fibres)  are  attached.  When  the  latter  contract  the  cells  are  dilated 
and  the  pigment  spreads  over  a  larger  area,  and  so  gives  colour  to  the 
skin.  \Vhen  the  contrac- 
tion ceases  the  cell  returns, 
in  virtue  of  the  elastici^ 
of  its  walls,  to  it«  ori^nal 
shape,  and  the  pigment  is 
again  concentrated  in  a 
small  apace,  and  the  skin 
becomes  uncoloured;  thus 
the  animal  changes  its 
colour.  The  chromato- 
phores  are  probably  under 
the  control  of  the  will,  and 
are  connected  with  a  special 
centre  in  the  stalk  of  the 
optic  ganglion.  The  eye 
seems  to  be  the  organ  most 
intimately  connected  with 
them,  for  if  the  optic  nerve  / 
be  cut  the  power  of  volun- 
tarily changing  colour  on 
that  side  is  said  to  be  lost.  Nevertheless  there  seem  to  be  periplAral 
centres  through  which  these  organs*  can  be  brought  into  action, 
and  the  animals  seem  to  have  the  power  of  changing  their  colonr 
involuntarily  according  to  the  colour  of  their  environment^. In 
addition  to  the  chromatophores  there  is  a  deeper  layer  of  '^nall 
shining  spangles,  which  produce  interference  coloura  and  thus  give 
rise  to  the  peculiar  lustre  and  iridescence  of  the  skin. 

Id  certain  abyssal   Cephabpods  there  are  cntanecua  photphonacent  orguw 

consisting  of  s  aiiperficisl  refractile  stnictnre  and  a  deep  photogenic  layer  ;  they 

*  Krukenberg,  Vtrgt,  phytiol.  Studien  an  den  Eiiiten  der  Adria,  Heidelberg 
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■re  all  directed  towards  the  oral  extremity  {SitliolaUhi*).  AqDiferouB  pores 
leading  into  ap»Axe  in  the  integument,  but  not  communicating  vith  the  vascular 
ijetem,  are  found  in  many  Dibrauchs. 

There  is  an  internal  csrtUaginoas  skeleton  which  aerves  for  the 
protection  of  nerve-centres  and  aense-organs,  and  lot  the  attachment 
of  muscles.  The  cartilaginous  tissue  itself  closely  resembles  the 
fayaline  cartilage  of  vertebrates,  differing  in  the  fact  that  the  cells 
are  connected  by  their  branching  processes  which  traverse  the  matrix 
in  all  directions.  In  the  head  there  is  in  Dibranchs  a  complete 
cartilaginous  investment  for  the  great  gai^Iionic  mnaaes  and  otocysts, 
which  fumisfaes  lateral  cup-Uke  expansions  for  the  eyes.  In  Nautilvg 
there  is  a  corresponding  cephalic  cartilage  on  the  ventral  side  only  of 
the  nerve-centres,  extending  also  into  the  tissue  of  the  funneL 
Cartilage  is  present  also  in  other  parts  of  the  body,  e.g.  the  branchial 
cartilage,  fin  cartilages,  nuchal  cartUage,  dorsal  cartilage. 

Nervous  system.  There  is  a  great  concentration  of  ganglionic 
matter  round  the  oesophagus,  and  it  is  difficult  to  trace  exact 
homologies  with  the  nerve-centres  of  other  Molluscs. 

In  Nautilus  there  are  two  ganglionic  rings  round  the  oesophagus 
behind  the  buccal  mass  (Fig.  342).  They  are  connected  dorsally, 
above  the  oesophagus,  in  a  common  mass  (X),  which  may  be  calle<l 
the  cerebral  mass  and  compared  to 
the  cerebral  ganglion  of  other  Mol- 
luscs. The  anterior  ring  innervates 
the  funnel  and  cephalic  lobes,  and 
may  be  compared  to  the  cerebro- 
pedal  commissure  and  pedal  ganglia 
'  of  other  types ;  the  posterior  ring 
innervates  the  mantle  and  viscera, 
and  may  be  compared  to  the  cerebro-  P""-  M».-ceptr»i  neryou*  ajntam  of  ■ 
pleBial  commissure,  pleural  ganglia,  prt«n«r  *xt«  v.i«>ciea™).  i  «- 
and  visceral  commissure  of  other  cuMory  pwui  ganglion;  u  nme  \a 
MolluBcs ;  it  gives  off  a  pair  of  stout        guon ;  f  vnamx  n*™-.  ri  pciim 

nervps    (V)    which     pass     backward  nerves;  rn  tenlaciiUr  nemw;  rj/i 

,3         1  1  \  -X.  A        t  IV  olfcctoty.  'X  optic  nm-e ;  X  cerebnl 

(dorsalwards),  on  either  side  of  the        gnngiioD ;  xi  otocrBt :  xn  itonuto. 
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vena  cava;  these  supply  the  gills,  E^^^' 
osphradia,  and  viscera,  but  do  not 
form  doraalwanls  in  the  visceral  sac,  visceral  ganglia.  The  cerebral 
portion  supplies  the  eyes,  otocysts,  ocular  tentacles,  tips,  etc.,  and 
gives  otr  on  each  side  two  nerves  to  form  stomatogastric  commis- 
sures {XJI),  which  surround   the  oesophagus  immediately  behind 
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the  buccal  mass.  This  stomatogastric  system  (Fig.  343)  consists  of 
the  two  above-mentioned  nerves  (ce)  on  each  side,  which  pass  forward 
from  the  cerebral  ganglion  to  end  in  the  two  pharyngeal  ganglia 
(ph.  g).     These  are  connected  by  a  long  anterior  commissure  (ant, 

com)  which  passes  ventral 
to  the  mouth,  and  by  a 
shorter  posterior  commis- 
sure, the  buccal  commis- 
sure— {Imc  phar.  conu  and 
b,  cam,) — which  is  ako 
ventral  to  the  oesophagus, 
and  contains  in  its  course 
two  buccal  ganglia  (bucg,). 
The  ganglia  and  commis- 
sures of  the  stomatogastric 
system  supply  the  buccal 
mass.  In  the  female  there 
is  an  accessory  gangUon 
supplying  the  inner  ven- 
tral cephalic  lobe,  and 
connected  with  what  has 
been  called  above  the 
pedal  gangliocL  (Fig. 
342,  /).  -f 
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Fio.  348. — Buccal  nervous  system  of  NautUm  pompiliu$ 
(after  Graham  Kerr).  pk,g  pharyngeal  ganglion ; 
bue.g  bnocal  ganglion  (buc.g  ought  to  point  to  the 
swelling  from  which  the  nerves  pk.n  come  off); 
c.c  cerebro- pharyngeal  connective;  bucpkar.ccm 
bucco  -  pharyngeal  connective ;  ph.n  pharyngeal 
nerves;  b.com  buccal  commissure  (stomatogastric); 
ant.com  anterior  pharyngeal  commissure. 


It  should  be  noted  that  the  nerves  to  the  cephalic  amis  come  off  rather  high 
up  on  the  anterior  ring,  and  that  the  nerve  to  the  funnel  arises  quite  ventrally. 

In  the  Dibranchs 
the  great  nerve 
centres  are  com- 
pletely enclosed  in 
the  skull.  As  in 
Nautilus  it  is  difficult 
to  speak  of  special 
ganglia,  for  the  whole 
mass  is  ganglionic. 
The  part  dorsal  to 
the  oesophagus  we 
may  call  the  cerebral 
ganglion  (Fig.  344,  Z); 
this  gives  off  later- 


Fig.  844. — 0>ntral  nervous  system  of  Ommato&trtpkes  tnm 
the  left  side,  magnified  (after  Pelseneer).  a  buccal  mass ; 
b  brachial  ganglion;  e  oesophagus;  d  pedal  ganglion;  e 
nerve  of  the  ftmnel ;  /  position  of  the  otocyst ;  g  pleuro- 
visoeral  ganglion ;  h  visceral  nerve ;  i  posterior  salivary 
gland ;  j  pallial  nerve ;  X;  optic  ner\-e,  cut ;  I  cerebral  gan- 
glion ;  ffi  stomatogastric  (buccal)  ganglion ;  n  anterior  part 
of  the  cerebral  ganglion  (suprmbuccal) ;  o  anterior  salivary 
gland. 
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ally  the  great  optic  nerves  (A),  and 
is  continued  at  the  sides  of  the 
oesophagus  as  a  broad  commiseure, 
which  leads  to  the  sub-oesophageal 
mass.  The  suboesophageal  mass  is 
indistinctly  divided  into  a  poaterior 
part,  which  is  supposed  to  consist 
of  the  pleural  and  visceral  ganglia 
(i.e.,  ganglia  of  the  visceral  com- 
missure) fused  (ff),  and  an  anterior 
comparable  to  the  pedal  of  other 
types  (il),  the  anterior  aorta  passing 
ventrelwards  between  the  two.  The 
pedal  portion  is  generally  divided 
into  two  parts,  a  portion  behind — 
the  petlal  proper — supplying  the 
funnel,  and  a  brachial  part  (b)  in 
front,  supplying  the  anus. 

The  cerebral  ganglion  is  connected 
by  two  tldn  cords,  or  by  one  soon 
dividing  into  two,  with  a  gai^hon 
on  the  buccal  mass  called  the  mpra- 
buecal  ganglion  (Fig.  344,  n;  Fig. 
345,  h).  This  is  to  be  regarded  as 
a  detached  portion  of  the  cerebral ; 
it  gives  off  the  stomat^^astric  com- 
missure, which  is  completed  ven- 
trally  to  the  oesophagus  in  the 
infra-buecal  ijanglion  (Fig.  344,  m; 
Fig.  345,  a),  or  buccal  ganglion 
proper.  The  cerebral  and  tlie  supra- 
buccal  are  both  connected  with  the 
brachial  or  anterior  part  of  the  pedal 
by  separate  commissures  (Figs.  344 
and  345).  In  Octojtut  the  supra- 
buccal  ganglion  ia  not  separated 
from  the  cerebral. 

The  pleuro-visceral  portion  of  the 
sub-oesophageal  gives  oif  from  the 
pleural  portion  two  large  pallial 
nerves  (Fig.  344,  j;  Fig.  345,  in) 
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to  the  mantle  ganglion  {ganglion  8teUatum\  which  are  in  some 
forms  connected  by  a  commissure  (Fig.  345,  I)  dorsal  to  the  oeso- 
phagus, and  from  the  visceral  portion  two  visceral  nerves,  fuaed 
at  their  origin,  to  the  viscera  (Fig.  345,  n).  The  visceral  nerves 
join  behind  in  a  ganglion  {g\  which  gives  off  a  right  and  left 
nerve  to  the  two  brachial  ganglia  (jp).  The  infra -buccal  ganglion 
gives  off  a  nerve  backwards  (Fig.  345,  ifc,  and  Fig.  342,  JT/),  which 
runs  along  the  oesophagus  and  ends  in  a  large  ganglion  on  the 
stomach  (y).  This  ganglion  gives  off  a  nerve  which  anastomoses 
with  the  visceral  nerves  (*). 

Organs  of  seiiBe.  Tactile  sensibility  is  specially  localized  in  the 
arms  of  Dibranchs  and  tentacles  of  Nautilus,  There  is  an  organ 
which  is  supposed  to  be  olfactory^  ^xxat  ventral  to  the  eye;  it  generally 
ha^  the  form  of  a  pit  {SepicL)^  but  it  may  be  tubercular.  It  is 
innervated  from  the  cerebral  ganglion.  Osphradia  are  absent  in 
Dibranchs,  but  are  supposed  to  be  present  in  Nautilus  (see  below). 
The  ofonjsts  in  Nautilus  are  placed  high  up  on  the  anterior  ring  close 
to  the  cerebral  ganglion  (Fig.  342,  JT/),  and  are  sometimes  described  as 
being  adjacent  to  the  pedal  centres ;  they  contain  numerous  otoconia. 
In  Dibranclis  they  are  embedded  in  the  floor  of  the  skuU,  and  they 
form  a  kind  of  labyrinth,  their  walls  being  drawn  out  into  short 
diverticula;  they  each  contain  one  large  otolith,  and  are  innervated 
from  the  pedal  ganglion  by  a  nerve  which  arises  from  the  cerebral 
The  tulx3  which  connects  them  with  the  exterior  in  the  embryo 
persists  as  a  caecal  process  from  the  otocyst.  Damage  to  the  otocysts 
of  Cephalopoda  has  been  found  to  interfere  with  their  power  of 
maintaining  equilibrium. 

The  eyes  in  most  forms  are  extremely  complicated  in  structure. 
In  Nautilus,  however,  they  are  very  simple,  being  altogether  without 
refractive  media,  and  consisting  merely  of  a  vesicle  with  an  extremely 
narrow  opening  to  the  exterior.  The  lining  of  the  vesicle  constitutes 
the  retina,  and  is  continuous  through  the  aperture  with  the  external 
ectoderm ;  it  consists  of  two  layers  separated  by  a  layer  of  pigment 
The  eye  of  Nautilus  is  therefore  constructed  on  the  principle  of  the 
pin-hole  camera,  there  being  a  dark  chamber  lined  by  the  sensitive 
membrane,  and  a  minute  hole  for  the  entrance  of  light. 

In  the  Dibranchs  (Fig.  346)  the  optic  vesicle  is  closed,  and  its 
front  wall  secretes  a  cuticular  biconvex  lens  (L) ;  part  of  this  lens  is 
thrown  down  by  the  lining  epithelium  of  the  outer  wall  of  the  vesicle, 
and  part  of  it  by  the  outer  ectoderm.  The  lens  is  therefore  theoreti- 
cally in  two  parts,  and  is  traversed  by  the  front  wall  of.  the  vesicle. 
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The  front  wall  of  the  vesicle  at  the  point  where  it  runs  into  the  lens 
is  thickened,  and  constitutes  the  ciliciry  body  {Ci).  The  outside  skin 
is  thrown  into  folds  over  the  eye :  internally  there  is  a  fold  which 
covers  over  the  cUiary  body,  and  extends  as  far  as  the  periphery  of 
the  lens;  it  is  highly  pigmented  and  constitutes  the  tria  {Jk). 
Outside  this  is  another  fold  of  much  greater  extent,  which  meets 
over  the  front  of  the  lens  (C),  and  bounds  a  space — the  anterior 
optic  chamber — the  inner  wall  of  which  is  formed  by  the  lens, 
iridean  folds,  and  choroid.  This  fold  constitutes  the  sclerotic  and 
cornea ;  it  is  in  the  Oegopaida  perforated  by  a  small  pore  over  the 
lens.     Outside  the  skin  may  be  again  folded  to  form  an  eyelid. 


Pia.  340,— Section  tiirDugh  Qxetye  otSipia,  diignniiuillc  iftcr  HenHD.  Jr  srgcntw  piCktiiii  ; 
C  corns;  Hdlluy  bodi;  (to  of  He  gaogliou:  Jittit  cartiUge;  iCciutlligc  of  optic  bulb; 
KK  cepluUc  cutHagi ;  L  lens ;  Opt  optic  nerve ;  P  pigment  HyM  of  retlu ;  Se  ODter  laysr  of 


The  retina  consists  of  two  layers  (Re  and  Si),  as  in  Navtilve, 
divided  by  a  layer  of  pigment  {F),  and  the  sensitive  layer  is  that 

which  lines  the  optic  vesicle  or  posterior  optic  chamber  (vitreous 
humour).  The  optic  nerve  comes  from  the  large  optic  ganglion  (Go), 
which  is  protected  by  the  orbital  expansion  of  the  cephalic  cartilage 
(KK).  The  choroid  is  the  internal  continuation  of  the  iris,  and  forms 
the  inner  wall  of  the  deeper  parts  of  the  anterior  optic  chamber ;  it 
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ia  pigmented  and  contains  from  without  inwards  (1)  a  layer  of 
epithelium,*  (2)  a  layer  of  obliquely-placed  plates  called  the  argentea 
externa,  (3)  a  layer  of  muscles,  (4)  the  argentea  interna,  (5)  a  carti- 
laginous capsule  (A"),  which  lies  next  (6)  the  spreading  out  fibres  of 
the  optic  nerve. 

At  the  side  of  the  optic  gai^Uon  within  the  orbit  is  a  glandular 
body  called  tlie  tchite  bo<ly  ( IF), 

Alimentuy  cuuL  The  mouth,  which  is  placed  within  the  circlet 
of  arms,  is  surrounded  by  a  circular  fold  forming  a  kind  of  lip  (Fig. 
347,  L),  and,  in  addition,  in  the 
Dibisnchs  by  a  membrane  called 
the  buccal  membrane.  The  buccal 
membrane  is  in  some  Decapods 
divided  into  lobes  alternating  with 
the  arms  and  bearing  suckers.  The 
entrance  to  the  moutli  is  armed 
with  two  powerful  homy  jaws,  an 
upper  and  a  lower  {Mri,  Mxg),  which 
resemble  in  form  a  reversed  parrot's 
beak,  the  lower  jaw  being  the  larger 
and  overlapping  the  upper.  The 
ra/lula  (Ra),  which  arises  in  a 
sheath,  usually  has  in  each  row  a 
median  tooth  and  three  teeth  on 
each  side,  and  there  may  be  in 
addition,  outside  these,  some  flat, 
non-toothed  plates  (the  radula  is 
absent  In  Cirroteuthis).  There  is 
a  sub-radular  organ  in  front  of  the 
radula.  The  salivary  glands  (Spd) 
open  into  the  buccal  cavity ;  in 
Oetopoda  there  are  two  pairs,  of 
which  the  ventral  is  applied  against 
the  buccal  mass,  while  the  dorsal  is 
dorsal  to  the  akuU.  The  ducts  of 
the  latter  unite,  and  pass  forwards 
with  the  oesophagus.  In  the  Deca- 
pods the  dorsal  glands  are  alone 
present. 

«r  lining  of  ths  apace  encloMd 
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The  oesophagus  (Oe),  with  or  without  a  crop-like  dUatation,  is 
long  and  ends  behind  in  the  atomach  (M),  which  is  provided  with 
a  large,  often  spiral,  caecum  (M').  The  intestine  leaves  the  stomach 
close  to  the  oesophageal  entrance,  and  passes  as  a  straight  or  slightly 
coiled  tube  (NautUtis,  Odopvs)  to  the  anus  (A). 


Pio.  MS.— HklE  ^'aWilui.  ventnl  view ;  th*  mnntls  is  dnwii  Uck :  mloesd,  ifter  K< 
{from  P(l«n«r).  a  oy»;  fc  genital  opening:  c  opening  of  the  interior  kiduey;  d  Iniar- 
brmnchiid  papilla;  c  opening  or  tha  poat^rior  klilney;  /edge  of  mantle;  ^  postanal  papilla; 
*  eitemtl  openluf;  of  the  perlcardlam ;  I  posterior  gill ;  J  (noe;  k  utrior  gill;  I  fujinel; 
n  UntacuUreltnl*  appeiidagea. 

The  liA'er  (£)  ia  a  compact  gland,  and  conaists  of  two  Iobe3,fmore 
or  leas  united,  one  on  each  aide  of  the  oesophagus.  The  bile  ducts 
{Og)  are  two  in  number  and  covered  by  a  glandidar  tissue  called 
pancreatic,  but  really  renal  {see  below) ;  they  open  into  the  caecum 
of  the  stomach. 
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Id  ffaulitvs  the  dorsal  salivary  glandi  are  not  present  and  the  Mnr  ie  Ins 
coin[»ct  and  in  four  lobes,  each  with  its  own  bile  duct 

Tlie  'rk  sac  (7^),  which  is  absent  in  Nrr  nd  dnvieiUku, 

ia  a  rectal  gland.     It  is  placed  on  the  posterior  Bide  of  the  visceral 
sac  close  to  the  muntle-Hning,  and  ojtcna  into  the  rectum. 

The  periviscanJ  c&vity  is,  as  in  Gastropods,  partly  coelomic  and 
partly  haomocoelic,  hut  the  coelomic  portion  has  a  much  greater 
extension  than  in  other  Molluscs. 

The   haemoeoelie  part  of   the  body-«avity  is  best  developed  in 
Nautilui,  where  it  forms  a 
cavity,  in  relation  with  the 
crop,  vena  cava  and  one  loop 
of  the  intestine  ;  it  occupies 
the  anterior  side  of  the  vis- 
ceral sac,  and  does  not  extend 
to  the  apex  (which  ie  occu- 
pied by  genital  coelom).     It 
is   traversed    by    connective- 
tissue  strands,  and   commu- 
nicates with  the  vena  cava 
by  numerous  foramina  in  the 
wall  of  the  latter.     In  Di- 
branchs    the    haemocoele    is 
leas  developed;  in  Octopods 
it  has  the  form  of  a  laige 
sinus  surrounding  the  oeso- 
phagus,   dorsal    salivary 
glands,  bile  ducts,  and  ante- 
rior aorta;  and  communicates 
with    the    great   vena   cava 
Also   the  cavity  round    the 
buccal  mass  is  a  blood  space. 
The  perivisceral  part  of  the  eodom  is  divided  into  two  parts,  which 
however  communicate — the   ao-called  viscero-pericardial   sac,  corre- 
sponding to  the  pericardium  of  other  types,  and  the  genital  portion. 
In  Nautilus  the  viscero-pericardial  cavity  is  in  relation  with  the  heart 
and  pericardial  gland,  while  the  genital  portion  contains  the  gonad 
and  has  relations  with  the  stomach  and  intestine.     Both  open  to  the 
exterior,  the  pericardium  by  two  openings  placed  respectively  just 
internally  to  the  oi>cnings  of  the  posterior  nephridia  (Fig.  348,  ft), 
while  the  genital  opens  by  the  single  genital  duct  into  the  posterior 
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region  of  the  mantle-cavity  (Fig.  348,  h).     In  Dibranchs  (Fig.  349) 
the  perivisceral  part  of  the  coelom  is  also  in  two  communicating 
parts :  (1)  the  genital  division,  which  opens  to  the  exterior  by  the 
genital  duct,  and  is  related  only  to  the  gonad ;  and  (2)  the  viscero- 
pericardial   which   has  relations   to   the   heart,   stomacli,   intestine, 
branchial  hearts,  and  pericardial  glands  (Decapoda),  and  does  not 
open  to  the  exterior.     In  Odopoda  (Fig.  350)  the  viscero-pericardial 
coelom    is    prac- 
tically     absent, 
being  reduced  to 
a     small     space 
( VI)     on    each 
side    round    the 
glandular  appen- 
dages   of    the 
branchial     heart 
( pericardial 
glands),      which 
opens  ( VII)  into 

the     nephridium  ^'^*  S^— D^^^S^^ni  of  ^^  coeloTn  of  «   female   Octopns,  ventral 

.  (p(Mterior)  view  (from  Pelseneer,  after  Brock).    /  branchial  heart ; 

and    COmmuni-  //canal  connecting  the  genital  and  visceral  parta  of  the  coelom; 

cates  bv  a  narrow  ^^^  ovldacta ;  /roviducal  gland ;  F appendage  of  branchial  heart; 

'^              ,  VI  perivisceral  (pericardial)  coelom ;  VII  reno-pericardial  opening ; 

canal    (//)    with  VllI  ovary ;  IX  genitel  coelom. 

the     apically- 

placed  genital  division  of  the  coelom.     In  Dibranchs  the^periyisceraL- 
(viscero-pericardial)  part  of  Ihe^  coelom  also  communicates  with  the 
^dneys,  and  no*^  ^irp^fly  with  tj^ft  pytprinr  (Fig.  349,  XVII),  whereas 
in  NatUUtis  it  has  no  opening  into  the  kidney. 

The  branchiae  have  the  form  of  two  (Dihranchiata)  or  four 
{Tetrdbranchiata)  bilamellate  ctenidia,  which  are  placed  on  the 
visceral  sac  in  the  mantle-cavity,  and  are  not  ciliated.  In  NautUus 
they  project  freely  and  the  posterior  are  a  little  larger  than  the 
anterior;  in  Dibranchs  they  are  attached  to  the  body  along  one 
side  of  the  axis. 

Osphradia  are  absent  in  Dibranchs,  but  in  Nautilus  there  are  two 
pairs  of  papillae  in  the  mantle-cavity,  which  are  supposed  to  repre- 
sent them.  The  anterior  pair  is  between  the  two  pairs  of  gills 
(Fig.  348,  d\  while  the  posterior  ospliradia*  are  the  so-called  post- 
anal papillae  placed  near  together  on  the  mantle  between  the  renal 
sacs  and   the  nidamental  glands  in  the  female,  and   in  the  same 

•  Vide  A,  Willey,  Q.  J.  U,  H,,  40,  1897. 
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position  in  the  male  (WUley).     They  are  innervated  by  branches 
of  the  visceral  nerves. 

Vascular  B7st«m.  The  heart  lies  in  the  viscero-itericardia)  cavity 
(except  in  the  OdopoiJa),  and  is  placed  at  about  the  middle  of  the  vis- 
ceral sac  It  con}<ista  oi  a  median  ventricle  and  of  ae  many  lateral 
auricles  as  there  are  gills  (Fig.  351).  A  lat^  anterior  (ventral) 
aoTta  passes  off"  from  the  ventricle,  and  gives  in  its  course  strong 
branches  to  the  mantle,  alimentary  canal  and  funnel,  and  breaks 
up  in  the  bead  into  vessels  to  the  cephalic  organs.  A  poaterioily 
(dorsally)  directed  visceral  artery  also  leaves  the  ventricle,  supplying 
the  viscera  and  gonad.  The  capillary  network,  which  is  richly 
developed  in  all  the  organs,  j>asses  partly  into  sinuses,  partly  into 
veins  which  are  col- 
lected through  lateral 
veins  into  a  large 
anterior  and  a  pos- 
terior vena  cava. 
Each  of  these  bi- 
furcates into  two  or 
four  trunks  (accord- 
ing to  the  niunber 
of  the  gills)  which 
carry  the  blood 
through  the  kidneys 
to  the  gills.  Im-  . 
mediately  before 
their  entrance  into 
the  giUs,  the  walls 
of  these  aiferent 
bronchial  vessels  are 
(except  in  NcmfHut) 
especial])'      muscular 

rar  Bneroiit  onmcniM  vmeisi   it,    re-    Bumnor   Kim  ,        ,         ,        .       ,, 

i«.terior  »™  <a™.  and    rhythmically 

contractile,  and  con- 
stitute the  iiranchial  hearts.  The  glandular  apjiendages  of  the 
branchial  hearts  are  the  jmrieardicd  glands. 

lu  A'au/i/us  llip  VBsciilar sjBteni  is  Urguly  lacunar,  but  iuDibtaneliscapilUrios 
arc  developed,  tliough  these  may  end  in  simiaes  which  open  into  the  veins;  in 
Octopoda  especially  there  ja  a  large  sinua  already  described,  which  opens  into  the 
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The  excretory  organs  lie  on  the  posterior  side  of  the  visceral  sac 
close  to  the  mantle-cavity,  into  wliich  they  open.  In  Dibranchs  they 
are  two  in  number  and  are  either  completely  separate  (Octopoda), 
or  they  are  connected  together,  generally  through  an  anteriorly  and 
dorsally-placed  portion  which  is  of  considerable  extent  and  lies  close 
under  the  shelL  This  unpaired  portion  contains  the  so-called  pan- 
creatic tissue  of  the  bile  ducts,  and  is  in  relation  with  these 
structures.  The  anterior  and  posterior  afferent  branchial  vessels 
run  in  the  walls  of  these  kidney  sacs  on  their  way  to  the  gills, 
and  give  off  blind  diverticula  which  project  into  the  cavities  of  the 
kidneys.  The  kidney  epithelium,  which  is  flattened  over  the  rest 
of  the  sac,  is  especially  glandular  on  these  vascular  diverticula 
(Fig.  349,  XII)  and  secretes  the  waste  matter  in  the  form  of 
concretions  which  largely  consist  of  guanin. 

Each  kidney  opens  into  the  mantle-cavity  through  a  papilla  placed 
not  far  from  the  anus,  and  into  the  pericardial  coelom  by  a  pore  not 
far  from  the  external  opening. 

In  Nautilus  there  are  four  kidneys  which  open  to  the  exterior; 
one  pair  opens  just  anterior  (t.e.,  ventral)  to  the  anterior  gills,  and 
the  other  pair  just  anterior  to  the  posterior  gills  and  close  to  the 
openings  of  the  pericardium ;  they  are  without  any  internal  opening 
into  the  coelom.  The  four  afferent  branchial  vessels  run  in  the  wall 
separating  the  four  kidneys  from  the  pericardium,  and  give  off 
diverticula,  which  are  covered  with  glandular  tissue,  into  the  peri- 
cardium as  well  as  into  the  renal  sacs.  The  four  tufts  of  glandular 
processes  thus  projecting  into  the  pericardium  constitute  the  peri- 
cardial gland,  and  are  larger  than  the  corresponding  processes  on  the 
opposite  side  of  the  septa  projecting  into  the  renal  sacs. 

The  kidneys  aud  gills  of  Nautilus  have  been  spoken  of  in  the  text  as  anterior 
and  posterior,  but  it  must  be  borne  in  mind  that,  owing  to  the  fact  that  the 
part  of  the  body  in  which  they  lie  has  been  prolonged  vcntrally  in  the  mantle- 
fold,  the  posterior  kidney  aud  gill  are  really  ventral,  i.e.,  nearer  to  the  mouth 
than  the  anterior,  which  are  placed  just  at  the  point  where  the  mantle-fold 
is  given  off  from  the  body.  The  pericardium,  which  is  also  in  the  mantle- 
fold,  is  actually  posterior  to  the  kidneys,  and  the  posterior  walls  of  the 
kidney -sacs  form  the  anterior  wall  of  the  pericardium ;  but  it  must  be 
remembered  that  nwrphologically  the  pericardium  is  dorsal  to,  i.e.,  nearer  the 
apex  of  the  visceral  sac  than,  the  kidneys. 

The  Cephalopoda  are  dioecious.  The  sexes  present  external  differ- 
ences, which  are  sometimes  very  marked.  In  many  cases  the  males 
are  much  smaller  than  the  females,  as  in  Argonauta,  in  which  genus 
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the  female  is  further  digtinguished  from  the  male  by  possesBu^  a 
shelL  In  Nautilus  there  are  cunsiderable  differences  in  the  number 
and  arrangement  of  the  cephalic  tentacles  (see  above  p.  421);  and  in 
all  Dibranclia  one  of  the  arms  of  tlie  male  is  different  from  the  rei^t 
and  said  to  be  hectocotylized  (see  p.  420). 

The  B6Xaal  gland  is  single,  and  at  tlie  apex  of  the  Tisceral  sac 
It  is  in  Ixith  sexes  a  special  development  of  a  portion  of  the 
epithelium  lining  the  genital  division  of  the  coelom.  The  sexual 
cells  are  dehisced  into  the  coelom  and  pass  out  by  the  genital 
ducts,  which  open  into  the  coelom  and  possess  accessory  glands  on 

The  generative  duct  of  one  side  is  usually  suppressed  or  vestigiaL 
In  Naufilug  in  both  sexes  the  right  duct  persists,  and  the  left  is 
vestigial,  having  lost  its  internal  opening  but  retained  the  external. 
In  all  male  Uibranchs  the  left  duct  is  alone  present ;   this  is  also 
the  case  in  all  females 
excepting  the  Oegopgula 
and     Oftopotla    (except 
Cirroieuihia),    in    which 
both  oviducta  are  present 
in    functional    develop- 
In   IfautUus  the   genital 
coelom  conimTinicatfs  witb 
the    pericardial     by     Uiree 
opeDings    in     tlie    wptuni 
which   BeparatcB  them,  and 
th(<   stomach   and   intestine 
project  into  it.     The  geoital 
gland  is  a  hollow  structure, 
and  is  to  be  regarded  u  a 
folded-off    portion    of    the 
genital  Coelom,  to  the  ante- 
rior   ivall    of   which    it   is 
attached  ;  it  opens  into  tlie 
genital  coelom  close  to  the 
tiVbia     openings  of  this  latter  stnic- 
f  the      ture  into  the   pericardium. 
lalli;      The  reproductiTe   cells  are 
""K-      produced    from    the    lininf; 
of    the   genital   gland,    and 
covered  with  their  follicle  cells  and  the  flat 
In  tlie  male  the  walli  of  the 
I  nnniber  of  branched  tubes, 
the  central  cavity  of  the  organ.     The  geniUl  dnct  in  both 
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Mien  opens  into  the  coelom  close  to  the  openiiig  of  the  geniUl  k'*i>(1>  an<l  into 
the  mantle- cavity  to  the  right  aide  of  the  middle  line  on  the  oral  side  of  the 
aoua  ;  while  the  vettigiHl  left  dact  opens  to  the  left  ia  the  so-called  pyri/omt 
organ.  The  vas  deferens  has  an  eccessorj  gland  and  a  spennBtophore  »ac,  and 
opens  at  the  end  of  a  papilla — the  so-called  penis. 

In  Dihmiclu  the  genitsl  glands  and  genital  coelom  are  much  as  in  NaiiiUui, 
except  that  the  latter  has  no  relation  to  the  alimentary  canal.  The  oviduct 
poBseases  an  oviducal  gland  in  its  course,  and  opens  into  the  mantle-caTity 
on  the  left  side,  or  when  two  are  present  symmetrically  o    ' '~' 


Fio.  JM.— Ptnterior  »low  of  vlscoral  «»e  oti  female  Sqita 
piTtlj  illuected  imtla  Orobbeii).  Ad  tcctaaarj  uldn- 
mental  gUnd  ;  4/inni ;  GU  BlsUatfl  ganidion ;  K  gills ; 
Kk  bnutrbial  heart;  JChi  pericanllil  Kl>Dd  (iippendage 
of  branchial  hfart);  Lk  tube  from  p«rlvlBceral  coelom 
to  the  kidney  (noal  coelom),  oftan  called  tbeaqofrDfons 
niwt;  N  kidneyi  Nd  nldimsnUl  Rlind:  Od  orlducti 
Od.  Doviauol  gland  :  Ot  external  opening  of  oTldoct; 
Op  ovarr  In  tbe  genital  coelom  wblcli  hi«  beeo  opeaed : 


The  vaa  deferens  opens  at  the  same  place  as  the  oviduct,  but  has  a  much  more 
complicated  structure.  Id  Sepia  we  get  the  following  parts  (Fig.  352) :  (1)  a 
coilod  narrow  tube  {Fd)  which  opens  into  the  genital  coeloni,  (2)  a  long  dilated 
vesicnla  seminalis  {Vt)  with  two  prostatic  glands  opening  into  ita  terminal 
portion  iPr),  (3)  a  spacious  sac,  known  as  Needham's  sac,  in  which  the  sperma- 
topborea  are  stored,  and  which  opens  into  the  mantle-cavity  at  the  apel  of  a 
papilla  placed  on  tlie  left  side. 
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Tha  nidamental  glandt  are  sccessoTj  gl&nda  of  the  female,  which  aecicte  Uie 
egg  envelopes  oiid  open  into  the  mantle -cavity.  Id  Nautilut  there  ii  m  anglr 
^ud  in  ths  mantle-wall  doraslly.  In  DatKpoda  they  are  in  the  auterior  wall 
of  the  mantle'Cavitj  sapcrficial  to  the  kidneys,  and  there  are  geoerallj  two  paire 
— the  ventral  being  the  Nuoller  (Fig.  SM,  Ad,  Nd). 

The  eggs  are  surrounded  {Aryanaula,  CMopus,  Sepia)  by  capsules 
with  long  stalks,  which  are  united  together  in  racemose  masses  (so- 
called  sea-grapea),  and  fastened  to  foreign  objecte  in  the  sea.  In 
other  cases  the  eggs  are  aggregated  in  gelatinous  tubes  which  may  be 
attached  together  in  great  numbers  (Loligo).  In  Argonaufa  they  are 
placed  in  the  shell. 

The  fpermatojiliores  (Fig.  353) 
generative  ducts.  They 
spermatozoa,  and  often  presenting  a  moat  elaborate  structure.  In 
Dibranchs  they  may  be  described  as  tubes  containing  spennatozoa 
at  one  end,  and  a  piston  and  spiral  elastic  spring  at  the  other. 
We  may  presume  that  under  proper  conditions  the  spiral  spring 
elongates    and    drives    down   the    piston,    ivhich    then    expels   the 


ufactured   in   the  male 
[form  bodies  containing 


The  spennatophore  are  aometimes  very  long :  ii 
metres,  in  Ortoptxla  with  autotomous  hectocotylus  they  may  attain 
a  length  of  50  centimetres;  and  in  Nautilus,  in  which  they  are  coiled 
on  themselves,  they  may  be  more  than  30  centimetres  long. 


In  the  Dibranchs  one  of  the 
anna  of  the  male  is  always  modi- 
lied,  or  luelocotsliad  oa  it  ia  called, 
for  purposes  of  copulation.  In 
the  Ikaipoda  it  ia  usually  the 
fourth  left  arm  ;  but  in  Eneplit- 
Uuthu  it  19  the  fourth  right, 
and  it  may  vary  from  tlie  fourtli 
right  to  the  fourth  left  In  the  same 
species  ;  in  Idiottpiu$  and  Spirala 
both  right  and  left  fourth  arms 
are  niodiSed,  and  iu  Spirula  en- 
closed in  a  common  cuvetope ;  in 
Oclapala  It  is  usually  the  third 
right,  but  ill  ScaruTgus  and  Jrgo- 
miuUi  it  is  the  third  left,  and  the 
second  right  in  Cirroleuthi*.  In 
most  cases  the  modification  con- 
sists mainly  in  a  reduction  of  the 
Euckcra,  and  the  ami  is  not  de- 
tached :  it  affects  the  extremity  of 
"  .  Bltdme, 
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Octopus;  its  base  in  Sepia^  its  whole  length  in  Idiosepius  and  Hossia,  and  Loliolus, 
But  in  three  genera,  PhiUmexiSf  TremoctopuSf  and  Argonauia,  the  modification 
is  much  more  extensive,  and  the  ann  affected  is  charged  with  spermatozoa, 
-cast  off,  and  deposited  in  the  mantle-cavity  of  the  female  (see  above).  This 
is  called  an  autotomons  hectocotylus.  The  modification  is  as  follows :  before 
sexual  congress  the  arm  in  question  is  represented  by  a  somewhat  globular 
sac,  which  consists  of  flaps  of  the  basal  part  of  the  arm  wrapped  round  the  distal 
part.  Soon  this  sac  bursts  and  allows  the  distal  part  and  the  suckers  of  the 
basal  part  to  appear  (Fig.  855).  The  distal  part  thus  set  free  has  at  its  end 
a  small  sac,  which  in  its  turn  bursts  and  allows  a  long  terminal  filament  to 
issue.  The  folds  which  formed  the  first-named  sac,  give  rise  to  a  receptacle  on 
the  aboral  side  of  the  arm,  which  becomes  charged  with  spermatophores.  This 
spermatophore  receptacle  communicates  >vith  a  small  vesicle  in  the  base  of  the 
arm,  which  leads  into  a  long  canal  extending  along  the  arm  and  filament,  and 
opening  at  the  end  of  the  latter.  How  this  arm,  which  is  deposited  in  the 
mantle-cavity  of  the  female,  is  used  in  fertilization,  and  how  it  becomes  charged 
with  spermatophores  is  not  known.  After  the  arm  is  detached  a  new  encysted 
arm  is  said  to  be  formed  on  the  scar. 

Those  Cephalopoda  which  are  without  this  autotomous  hectocotylus  are  said  to 
copulate  mouth  to  mouth,  the  modified  arm  being  used  to  affix  the  spermato- 
phores to  the  buccal  membrane,  or  to  transfer  them  to  the  mantle-cavity  of  the 
female.  In  Sepia  and  Loligo  spermatophores  are  found  in  the  pockets  in  the 
buccal  membrane,  and  in  Nautilus  within  the  annular  lobe  of  the  head  {v.  p.  421). 

Development.  The  egg  of  all  Cephalopoda  is  large  and  heavily 
<;harged  with  yolk.  This  is  the  case  even  with  Nautilics,  as  may 
be  gathered  from  the  ovarian  egg,  for  the  laid  egg*  of  Nautilus 
has  never  been  found.  There  is  no  larval  stage,  not  even  a  trace 
of  the  velum,  and  the  young  are  hatched  with  the  form  of  the 
adult.  The  development  is  therefore  very  different  from  that  of 
other  molluscs. 

In  Dibranchs  the  cleavage  is  partial,  and  confined  to  one  pole  of  the  egg ;  as 
in  the  bird's  egg  it  gives  rise  to  a  blastoderm  or  germinal  disc,  which  in  the 
subsequent  development  is  raised  more  and  more  from  the  subjacent  yolk.  Soon 
several  projections  appear  on  the  embryonic  rudiment  (Fig.  856).  First  in  the 
centre  of  the  germ  a  flattened  circular  ridge  is  formed  round  a  central  depression ; 
the  ridge  is  the  mantle,  and  the  depression  is  the  shell-gland.  In  Oclopoda 
(Argonaula)  the  shell -gland  seems  to  shallow  out  and  disappear,  but  in 
Decapods  it  becomes  closed  over  and  persists  as  a  sac  in  which  the  shell  is 
deposited. 

On  each  side  of  the  mantle  the  two  parts  of  the  funnel  ( Tr),  which  even  in 
Dibranchs  are  separate  in  the  embryo,  appear ;  and  between  these  and  the 
mantle  the  gills  {Br).  Also  laterally,  but  external  to  the  folds  of  the  funnel, 
the  first  traces  of  the  head  appear  as  two  pairs  of  elongated  lobes,  of  which  the 

•  Since  this  was  written,  the  eggs  of  Nautilus  have  been  found  by  Dr.  Arthur 
Willey,  the  Balfour  student  of  the  University  of  Cambridge  {Proe.  Roy.  Soc., 
vol.  60,  1897,  p.  467).  The  eggs,  which  are  laid  singly,  are  enclosed  in  a  double 
capsule  of  cartilaginous  consistency.  The  ovum  is  very  large  (17  mm.  in  its 
longest  diameter)  and  is  surrounded  by  albumen. 
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Fio.  35<).  —  Embryonic  developmout  of  Sepia 
officinalis  (after  Kolliker).  a,  view  of  germinal 
disc  from  above ;  the  commencing  embryo  lying 
on  tlio  yolk ;  Jir  gills ;  Tr  folds  of  the  funnel  ; 
Or  eye;  M  mantle,  b,  somewhat  later  stage, 
flpom  the  front ;  I)  yolk ;  KV  anterior,  Kl"  pos- 
terior cephalic  lobe ;  0  mouth,  c,  later  stage, 
from  the  side ;  1-U  first  rudiments  of  arms,  d, 
older  stage  from  the  front;  6  fifth  pair  of  arms. 
e,  still  later  stage  in  lateral  view :  the  lialvcs  of 
the  funnel  have  united. 


aDterior  external  pair  bear  the  eyes 
{Oc),  On  the  outer  edge  of  the  disc 
papilliform  structures  are  formed, 
the  first  nidiments  of  the  arms. 
In  the  later  growth  of  this  abso- 
lutely symmetrical  embryo,  the 
Cephalopod  form  becomes  gradu- 
ally more  and  more  apparent :  the 
mantle  projects  considerably,  and 
grows  over  the  gills  and  two  parts 
of  the  funnel,  which  fuse  to  form 
the  definite  funneL     The  cephalic 


Fio.  357.  —  Almost 
ripe  embryo  of 
Sepia  officinalis 
from  the  dorsal 
(anterior)  face 
(after  KoUikerX 
D»  yolk  sac. 


lobes  grow  together  bet^'een  the 
mouth  and  funnel,  and  on  their 
oral  sides  become  more  sharply 
constricted  oflF  from  the  yolk, 
which,  with  a  few  exceptions, 
persists  for  some  time  as  a  yolk 
sac.  The  yolk  sac  is  attached 
between  the  mouth  and  anus,  and 
may  be  regarded  in  the  later 
stages  as  a  swollen  up  portion  of 
the  foot  It  should  be  noted  that 
the  embryo  is  formed  on  the  dorsal 
side  of  the  yolk  sac,  and  never 
completely  surrounds  it. 
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Order  1.     Tbtrabranchiata.* 

Cephalopoda  with  four  gills  in  the  mantle-cavity. 

The  appendages  of  the  head  are  peculiar,  consisting  of  a  number 
of  lobes  carrying  sheathed  tentacles;  they  are  described  on  p.  421. 

The  cephalic  cartilage,  instead  of  forming  a  complete  ring,  consists 
of  two  horse-shoe-shaped  limbs,  on  which  the  central  parts  of  the 
nervous  system  lie.  The  eyes  are  without  a  lens  or  other  refractive 
media.  The  funnel  is  formed  of  two  lobes  which  are  not  fused. 
There  is  no  ink  sac.  The  ctenidia  are  four  in  number,  as  also  are 
the  branchial  vessels,  auricles,  and  kidneys,  and  probably  the 
osphradia.  The  pericardium  has  a  pair  of  external  openings,  and 
does  not  communicate  with  the  kidneys.  There  is  a  multilocular 
external  shell,  in  the  last  chamber  of  which  the  animal  lies.  It  is 
secreted  by  the  mantle  and  covers  the  visceral  sac.  Its  chambers 
are  filled  with  air  and  are  traversed  by  a  siphon.  The  shell  consists 
of  an  external,  frequently  coloured,  calcareous,  porcellanous  layer, 
and  an  internal  mother-of-pearl  layer. 

The  position  and  structure  of  the  siphon,  as  well  as  the  form  of 
the  septa,  and  the  lines  of  fusion  of  the  latter  with  the  shell,  afford 
important  characters  for  the  classification  of  the  fossil  Tetrabran- 
chiates. 

There  is  only  one  living  genus  confined  to  the  Indian  and  Pacific 
Oceans,  but  the  extinct  members  of  the  order  are  numerous  and 
important. 

The  siphon  (or  siphuncle)  in  Nautilus  may  have  a  complete  but  thin  nacreous 
investment,  or  only  a  partial  one  next  one  face  of  the  septa,  in  which  case  it  is 
called  a  septal  Tieck  (Fig.  838,  Sf).  In  most  NautUidae  the  septal  necks  project 
from  the  sides  of  the  septa  which  look  towards  the  apex  of  the  shell,  while  in 
the  Ammonitidae  they  are,  as  a  rule,  on  the  other  sides  of  the  septa.  The 
siphuncle  varies  in  position  ;  it  may  perforate  the  centre  of  the  septa,  in  which 
case  it  is  central  or  sub-central  (NaxUUidae),  or  it  may  be  marginal,  on  the 
outer  side  of  the  septa  {Aminonitidat),  The  suture  is  the  name  given  to  the 
line  of  union  of  the  edge  of  the  septum  with  the  shell-wall.  In  the  NauOlicUu 
the  sutures  are  uniformly  curved  or  straight ;  in  Ammonitidae  they  are  exceed- 
ingly complex,  being  folded  into  a  number  of  lobes  with  the  concavity  towards 
the  aperture ;  the  parts  of  the  suture  between  the  lobes  are  called  the  saddles, 

*  R.  Owen,  "  Memoir  on  the  Pearly  NaiUilus"  London,  1882.  J.  Van  der 
Hoeven,  **Bydraagen  tot  de  ontleedkundige  Kennis  aangaande  Nautilus 
pompilius,"  Verhandel.  k.  Akad.  Amsterdain,  diel  3,  1856.  T.  H.  Huxley, 
'*0n  some  points  in  the  Anatomy  of  Nautilus  pompilius,"  Joum.  Proc. 
Linn,  Soc.,  London,  3,  1859.  Keferstein,  "Beitr.  z.  Anat.  d.  Nautilus  pomp.," 
Nachrichtsbl,  k.  Oes.  loiss,  Odttingen,  1865.  Lankcster  and  Bourne,  *'0n  the 
existence  of  Spengel's  olfactory  organ  and  of  paired  genital  ducts  in  the  Pearly 
Nautilus,"  Q.  J.  M.  S,,  vol.  23,  1883.  J.  Graham  Kerr,  "On  some  points  in  the 
Anatomy  of  Nautilus  pompilius,"  Proc.  ZooL  Soe,  Londmi,  1895.  A.  Willey, 
Q.  J.  M,  S.y  39,  40. 
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and  are  convex  tx>wards  the  aperture.  The  lobes  and  saddles  may  be  themselves 
secondarily  folded  or  denticulated  {AmmoiiiUs),  or  the  lobes  alone,  the  saddles 
being  round  {Ceratites), 

The  Aptychus  of  the  AminoniticUu  is  a  calcareous  or  homy  plate,  which  was 
probably  secreted  by  the  hood  and  served  as  an  operculum  ;  it  may  be  a  single 
plate,  or  divided  by  a  suture  into  two  (Synaptychtis), 

Fam.  1.  Haatilidae.  Shell  straight,  or  coiled ;  aperture  simple.  Septa 
concave  towards  aperture ;  suture  simple ;  siphon  usually  central,  or  internal. 
From  Cambrian  to  present  day ;  attained  their  highest  development  in  Devonian 
and  Silurian.  Orthoeeras  and  NaiUilus  alone  persist  beyond  the  Palaeozoic  epoch. 
Nautilus  L:,  sole  living  genus,  N,  pompilius  L.;  Orthoeeras  Breynius,  shell 
straight,  lower  Silurian  to  Lias. 

Fam.  2.  AmmonitidAe.  Shell  of  various  forms,  straight  to  spiral  or  turretted. 
Septa  much  folded,  suture  complex ;  siphon  external.  Extinct ;  Silurian  to 
Eocene.     OonicUites  De  Haan  ;  Ceratites  De  Haan  ;  Ammonites  Brugui^re. 

Order  2.     Dibranchiata.* 

Cephalopoda  icitli  ttco  gills  in  the  mantle-cavity. 

The  appendages  are  four  pairs  of  arms  with  suckers  on  their  oral 
faces;  in  the  Decapoda  there  are,  in  addition,  two  long,  prehensile, 
tentacle-like  arnis  with  suckers  at  their  extremities  only,  placed 
between  the  third  and  fourth  anus. 

The  cephalic  cartilage  constitutes  a  complete  investment  for  the 
central  nerve-organs.  The  eyes  are  elaborate,  and  have  refractive 
media.  The  lobes  of  the  funnel  are  fused.  An  ink-sac  is  generally 
present.  The  ctenidia  are  two  in  number,  as  are  the  branchial 
vessels,  auricles,  and  kidneys.  There  are  no  osphradia.  Tlie  kidneys 
oj)en  internally  into  the  pericardium,  and  the  latter  has  no  external 
opening.  The  shell  is  in  many  forms  completely  absent;  in  the 
rest  it  is  internal,  or  partly  internal,  and  never  protective  to  the 
visceral  sac. 

Sub-order  1.     DECAPODA. 

In  addition  to  the  eight  anus  there  are  two  long  tentacles  between  the  third 
and  fourth  pairs  of  arms  (ventral).  The  suckers  are  stalked  and  provided  with 
a  horny  rim.  The  eyes  are  without  a  sphincter- like  lid.  The  mantle  bears  two 
lateral  tins,  and  there  is  a  well -developed  apparatus  for  closing  the  mantle- 
opening.  An  internal  shell  is  present.  The  heart  is  contained  in  the  coelom. 
Nidamental  glands  are  generally  present. 

Fam.  1.  Ommatostrephidae.  Tentacular  arms  short  and  broad ;  suckers 
with   toothed   ring.      Chninatosircphes   Gray,   sagittated   calamary,   is   able  to 

*  Hancock,  ''On  certain  points  in  the  Anatomy  and  Physiology  of  the 
Dibranchiate  Cephalopoda,"  -A'ifi^.  Hist.  Review^  1861.  B.  Owen,  "Supple- 
mentary Observations  on  the  Anatomy  of  Spirula  Australis,"  Ann.  Mag.  Nai. 
Hist.  (3),  3,  1879.  T.  H.  Huxley  and  P.  Pelseneer,  "Report  on  Spirula,"' 
Challenger  Reports^  Pt.  83  (bound  in  at  the  end  of  the  second  volume  of  the 
** Summary  of  Results"). 
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project  itself  for  long  distances  from  the  water  and  is  not  anfrequently  found 
on  the  decks  of  ships ;  Ctenopteryx  Appellof ;  Chaunoteuthis  Appellof ;  Arcki- 
UiUhis  Steenstrup,  includes  the  largest  Cephalopoda  known. 

The  Thysanoteuthidae  are  allied  here. 

Fam.  2.  Onychoteathidae.  Tentacular  arms  long ;  suckers  with  hooks. 
Onychoteuthis  Lichtenstein,  the  uncinated  calamary,  with  hooks  on  the  tentacular 
arms,  and  a  small  group  of  suckers  at  the  base  of  each  club,  enabling  them  to 
act  like  forceps.  Enoploteuthis  d'Orb.,  armed  calamary,  with  hooks  on  all  the 
arms  (as  well  as  suckers).  Verania  Krohn,  tentacular  arms  atrophied  in  the 
adult 

The  Oonatidae  {Oonatus  Gray)  are  allied  here. 

Fam.  3.  ChiroteuthidM.  Tentacular  arms  very  long,  pen  expanded  at  each 
end.  ChiroUuihis  d'Orb. ;  HistioUuthis  d'Orb. ;  ffistiopsis  Hoyle  ;  Calliteuthis 
Verr.;  DorcUopsis  Rochebrune. 

Fam.  4.  CrancMidae.  Arms  very  short ;  fins  terminal,  small ;  eyes  pro- 
jecting. Loligopsis  Lam. ;  Histioteuthis  d'Orb. ;  Cranchia  Leach  ;  Leachia  Les. ; 
Taonius  Steenstrup. 

The  above-named  four  families  constitute  the  Oegopsida,  which  arc  character- 
ized by  their  pelagic  habit,  by  the  possession  of  a  perforated  cornea,  and  by  the 
presence  of  two  oviducts. 

Fam.  5.  Spimlidae.  Female  with  a  single  oWduct  (right)  and  two  nida- 
mental  glands.  Shell  spiral,  coils  not  touching,  multilocular,  with  internal 
siphon,  partly  internal,  enclosed  in  two  lobes  of  the  mantle  ;  it  is  coiled 
ventrally  (Fig.  339),  i.e.  in  the  opposite  way  to  that  of  Nautilus,  Without 
rostrum  and  proostracum.  Spirilla  Lam.;  S,  Peronii  Lam.,  Pacific  Ocean, 
probably  abyssal. 

Fam.  6.  Belemnitidae.  Arms  with  hooks,  shell  multilocular,  straight,, 
probably  internal,  with  rostrum  and  proostracum.  Extinct.  Lias  to  Cretaceous. 
BeUmnites  Breyn. 

Fam.  7.  Sepiolidae.  Body  short,  rounded  dorsally ;  fins  rounded,  inserted 
somewhat  on  anterior  surface  of  visceral  sac,  midway.  Sepiola  Leach ;  Rossia 
Owen  ;  SioloUuthis  Verrill  ;  Inioteuthis  Verrill. 

The  Idiosepiidae  {Idiosepius  Steenstrup  smallest  cephalopod  known)  and 
Sepiadariidae  are  allied  here. 

Fam.  8.  Loliginidae.  Body  elongated,  conical ;  fins  terminal,  rhombic  ; 
pen  lanceolate.  Loligo  Lam. ,  calamary ;  the  pens  increase  in  number  with  age  ; 
several  are  found  in  old  specimens  (Owen,  in  Todd's  Cyclopaedia  of  Anatomy  and 
Physiology y  vol.  i.  p.  546).     Scpioteuthis  Blainville ;  Loliolus  Steenstruj). 

Fam.  9.  Sepiidae.  Body  flattened,  broad  ;  fins  narrow,  elongated,  shell 
internal  calcareous.     Sepia  L.,  cuttle-fish. 

Tlie  families  Sepiolidae,  Loliginidae^  Sepiidae  constitute  the  group  Myopfida 
characterized  by  their  unperforated  cornea  and  single  oviduct  (left). 

Sub-order  2.     OCTOPODA. 

With  eight  arms,  without  tentacular  arms.  The  suckers  are  sessile.  Eyes 
relatively  small,  with  sphincter-like  lid.  Shell  absent.  The  heart  does  not 
project  into  coelom.  Oviduct  paired.  Nidamental  glands  absent.  Funnel 
without  valve.  Mantle  without  sucker-like  apparatus  for  closing  mantle* 
opening. 
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Fam.  1.  Cirrlioteathidae.  Arms  nnited  by  a  membrane  and  carrying  on  each 
side  of  the  suckers  filamentous  appendages ;  radula  absent ;  deep  water.  CHrrho- 
UuUiia  Eschricht. 

Fam.  2.  Amphitretidae.  Mantle  fused  with  funnel  in  median  line,  leaving 
two  openings  into  mantle-cavity.    AmphUrctus  Hoyle. 

Fam.  3.  Octopodidae.  Arms  alike,  more  or  less  webbed  ;  often  without  fins. 
Octopus  Cuv.  poulpe ;  Seaeurgus  Trosch. ;  Eledone  Leach  ;  Pinnodopus  d'Orb., 
with  fins  ;  Alloposus  Verrill. 

Fam.  4.  Argonautidae.  Female  with  a  unilocular  spiral  shell  (Fig.  335); 
males  very  small ;  hectocotylized  arm  autotomous  (Fig.  355).  ArgonaiUa  L., 
the  pa]^)er-nautilus. 

Fam.  5.  Philonezidae.  Hectocotylized  arm  autotomous ;  other  arms  all 
alike  in  the  two  sexes ;  large  aquiferous  pores  near  the  head  and  funnel. 
Philoruxis  d'Orb. ;   Tremoctopus  Delle  Chiaje. 


CHAPTER  XI. 

ANNELIDA. 

Segmented  toorms  in  ichich  the  perimscercd  cavity  is  a  paii  of  the 
coeloin.  They  almost  all  possess  chitinous  setae  embedded  in  and 
secreied  hy  pits  of  the  skin. 

The  Annelvia  include  the  segmented  worms.  They  differ  from 
the  Arthropoda,  which  in  many  respects  they  resemble,  by  the 
possession  of  a  perivisceral  division  of  the  coelom.  In  other  words 
the  body-cavity  is  a  part  of  the  coelom.  In  this  respect  and  in  the 
arrangement  of  the  central  nervous  system,  and  in  the  wide-spread 
occurrence  of  the  trochosphere  larva,  they  approach  the  Mollusca, 
They  differ,  however,  from  the  Mollusca  in  the  fact  that  the  body  is 
segmented.  This  segmentation,  which  is  exhibited  by  a  considerable 
numljer  of  organs,  proceeds  from  and  is  based  upon  the  mesoblastic 
somites  in  the  embryo.  The  Annelida  possess  a  dermo-muscular 
body-wall;  that  is  to  say,  muscular  tissue  enters  largely  into  the 
composition  of  the  integument.  In  consequence  of  this  fact  the 
body-wall  is  always  extremely  contractile,  and  the  body  shrinks 
considerably  when  the  animals  are  placed  in  spirit. 

They  all  possess  chitinous  spines — the  setae,  which  are  secreted 
by  the  ectoderm  and  are  embedded  in  pits  of  the  skin.  These 
setae  are  very  conspicuous  in  the  class  Chaetopoday  less  so  in  the 
classes  Hirudinea,  Echiuroidea^  and  Archiannelida, 

The  alimentary  canal  is  tubular,  and  generally  straight :  it  opens 
by  a  mouth  which  is  placed  on  the  ventral  surface  of  the  front  end, 
and  by  an  anus  which  is  terminal,  or  subterminal  and  dorsaL 

The  head  consists  of  the  anterior  part  of  the  body,  on  the  ventral 
side  of  which  the  mouth  is  placed.  It  is  divided,  very  often  by  a 
mark,  into  a  preoral  portion — the  prestomium — and  a  postoral  portion, 
which  is  called  the  periBtomium.  The  prestomium  is  sometimes 
called  the  first  segment,  but  in  the  enumeration  of  segments  the 
peristomium  is  counted  as  the  first  (Fig.  358). 
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Whether  the  preBtomiani  should  be  regard^  m  >  Mgrneot  or  not  ii  k  iliqintcd 
gntstion,  uid  one  wliioh  can  only  be  settled  by  a  sindy  of  deTeloptnent  Uu- 
fortmialelj  Embryology  speaka  «ith  an  UHcertain  voice  on  thU  point  in  th« 
Annelid  ;  but  from  our  knowledge  of  the  ArOtmpala 
we  are  inclined  to  the  view  that  the  prcora!  jiart  of  the 
body  does  contain  at  least  one  puir  of  meaoblastic  somite 
{or  their  equivalent}— the  only  real  teat  of  a  B^mcnt— 
which  ftro  serially  homologous  with  the  other  somites. 
This  is  clearly  ahowu  in  tlie  embryo  of  Ptripabu,  in 
which  the  somites  of  the  preoral  region  posaeaa  the  rudi- 
ments of  a  uephriitium,  and  send  extensions  into  the 
preoral  appendagee  called  antennae ;  just  as  the  posterior 
Bomites  are  prolonged  into  the  legs. 

The  prestomium  is  sometimes  quit«  small  and 
inconitpicuous ;  it  may  however  bo  large  and 
much  clotigiited  into  a  proboscie-like  organ,  as  in 
Nais  laeiisti-is  and  lite  ErMuroiiiea.  In  some 
cases  it  bears  special  sensory  a|>pendage3  calleil 
tentacles  and  [>alps.  It  sometimes  happens  in 
tlie  Poli/chaeta  that  a  certain  number  of  body 
s^^entH  are  fused  with  the  poristomium,  forming 
a  secondary  compoaite  head. 

The  central  nervous  syBtem  consists  of  two 
nervous  tracte,  mainly  ventral  and  called  the 
nerve  cords.  These  are  generally  closely  approxi- 
mated in  the  middk"  ventral  line  over  the  greater 
part  of  their  couiw,  but  sometimes  they  are 
widely  seiwirated  (some  Poli/ehaeta  gedeniai-ia), 
and  in  the  Brhiuroiiiea  the  ventral  parts  of  them 
arc  fused  to  form  a  single  ventral  cord.  But  in 
all  forma,  even  in  those  in  which  there  is  com- 
plete union  between  them  behind,  they  separate 
from  one  another  in  front,  and  embracing  the 
anterior  ]mrt  of  the  alimentary  canal  become  con- 
tinuous with  one  another  on  the  dorsal  side  at 
the  front  end  of  the  body.  TIip  ventral  portions  of  these  cords  are 
almost  always  swollen  at  se^entul  intervals  into  tlie  so-called 
ganglia,  from  wliicli  the  nerves  generally  proceed,  and  there  is 
universally  a.  single  or  bilolwd  swelling  at  the  jioint  whore  they 
are  continuous  with  one  another  dorsal  to  the  alimentary  canal.  This 
dorsal  swelling  (or  swellings)  is  called  the  cerebral  ganglion  (or  ganglia), 
or  bruin :  the  nerves  which  [jass  out  from  it  (or  mther  which  enter 
it)  are  the  sensory  nerves  of  the  anterior  end  of  the  body,  and  of 
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the  important  sense  organs  there  located.  The  first  swelling  on  the 
ventral  cord  is  called  the  sub-oesophageal  ganglion,  and  the  sub- 
sequent swellings  the  ventral  ganglia.  The  ganglionated  condition 
is  not  due  to  the  exclusive  presence  of  nerve  cells  at  certain  points, 
for,  as  in  the  Vertehrata^  nerve  cells  are  found  along  the  whole  length 
of  the  central  organ;  but  is  rather  due  to  the  fact  that  there  are 
more  nerve  cells  and  more  nerve  fibres  in  the  ganglia  than  elsewhere, 
in  consequence  of  the  fact  that  the  nerve  fibres  do  not  as  a  rule 
pass  out  all  along  the  cords,  but  are  gathered  up  into  bundles,  and 
leave  the  ventral  cords  at  any  rate  at  segmental  intervals.  The 
central  nervous  system  is  generally  separated  from  the  ectoderm 
and  placed  within  the  muscular  layer,  but  in  the  Archianndida 
and  in  one  or  two  Chaetopoda  it  lies  in  and  forms  part  of  the 
ectoderm. 

A  yascnlax  system  is  nearly  always,  probably  always,  present.  It 
has  a  canalicular  character,  and  the  principal  vessels  are  the  dorsal 
and  subintestinal  longitudinal  vessels. 

The  perivisceral  cavity  is  a  portion  of  the  coelom.  It  is  derived 
from  the  paired  cavities  of  the  mesoblastic  somites  of  the  embryo, 
which  swell  up  and  surround  the  intestine.  Primitively  therefore 
the  body-cavity  is  divided  into  a  series  of  paired  cavities,  the  walls 
of  which  are  in  contact  with  the  walls  of  the  somites  anterior  and 
posterior  to  them  in  the  series,  and  with  the  walls  of  their  fellows  of 
the  opposite  side  dorsal  and  ventral  to  the  alimentary  canal.  Two 
kinds  of  septa  are  thus  formed,  the  one  separating  the  cavities  of 
somites  adjacent  to  each  other  in  the  series  :  these  are  the  transverse 
septa  found  running  between  the  body-wall  and  the  gut-wall  in  many 
Chaetopodu ;  and  the  other  separating  the  cavities  of  the  two  somites 
of  a  pair  on  the  dorsal  and  ventral  side  of  the  alimentary  canal : 
these  are  the  dorsal  and  ventral  longitudinal  mesenteries,  which  also 
run  between  the  body-wall  and  the  gut- wall,  but  in  a  longitudinal 
direction.  These  two  kinds  of  coelomic  septa  are  found  coexisting 
in  the  Archiannelula,  and  possibly  in  one  or  two  Chaetopods,  but  as 
a  general  rule  the  dorsal  and  ventral  mesenteries  break  down  in  the 
adult,  so  that  the  two  sides  of  the  body-cavity  become  continuous 
with  each  other  on  the  dorsal  and  ventral  sides  of  the  alimentary 
canal;  while  the  transverse  septa,  though  more  often  found  in  the 
adult  (Oligocliaeta  and  some  Polychaeta),  also  generally  break  down 
either  partiiUly  or  completely,  so  that  the  perivisceral  cavity  becomes 
a  continuous  space  from  end  to  end  of  the  animal  (Echiurovlea,  some 
Polychaeta).     In  the  Hirtulinea  the  coelom  generally  {Acanthohddla 
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excepted)  becomes  more  or  less  broken  up  into  a  system  of  com- 
municating spaces. 

The  renal  organs,  called  nephridia,  are  portions  of  the  coelom, 
though  this  is  not  so  obviously  tlie  case  as  in  certain  other  groups 
(e.f/.,  Vertehrata,  Pei'ipatus,  Mollusca),  Still  they  almost  always 
retain  a  communication  with  the  rest  of  the  coelom  in  the  ne- 
phrostome  or  ciliated  coelomic  funnel  (Chctetogaster  and  one  or 
two  other  forms  excepted).  They  almost  always  have  a  tubular 
form,  and  open  externally  on  the  ventro- lateral  surface  of  the 
body.  As  might  be  surmised  from  the  condition  of  the  coelom 
in  the  embryo,  they  share  in  the  segmentation  of  the  body;  and, 
moreover,  with  regard  to  them  it  should  be  noted  that  they  very 
rarely  {Ecliiuroideay  Sfemu^iSy  Chlorhaeinidae)  lose  their  relation  to 
the  segmentation  of  the  body.  As  a  general  rule  there  is  a  single 
pair  of  nephridia  in  each  segment,  but  this  rule  is  sometimes  departed 
from  in  the  Chaetopwlaj  where  there  may  be  more  than  one  pjHr  in  a 
segment  {Penchaetidae^  Acanihodrilidae^  Capitellulae,) 

In  a  few  cases  some  of  the  anterior  and  jx^terior  nephridia 
shift  their  external  openings  from  the  outer  surface  of  the  body 
into  the  anterior  and  posterior  end  of  the  alimentary  canal.  This 
is  seen  in  some  Oligochaeta  (so-called  pepto-nephridia),  and  in  the 
case  of  one  posterior  pair  in  the  Echiurouha  (anal  vesicles). 

The  generative  organs  are  always  products  of  the  coelomic  walls, 
being  thickened  patches  of  the  coelomic  epithelium.  Occasionally, 
in  the  male  more  often  than  in  the  female,  the  generative  section 
of  the  coelom  is  cut  off  from  the  rest  by  special  membranes.  This 
is  seen  in  the  sperm-reservoirs  of  some  Oligochaeta, 

The  generative  ducts  open  into  the  coelom,  and  have,  of  course, 
a  tu])ular  character  with  ciliated  internal  openings.  Sometimes 
they  are  distinct  from  the  nephridia  (Oligochaeta),  but,  as  a  rule, 
some  or  all  of  the  nephridia  are  used  for  the  exit  of  the  generative 
products,  thus  combining  a  renal  and  generative  function.  This 
association  of  the  generative  and  excretory  functions  in  the  carrying 
apparatus  is,  of  course,  to  be  connected  with  the  fact  that  these  two 
functions  are  discharged  by  the  same  organ,  viz.,  the  coelom;  it  is 
a  feature  characteristic  on  the  whole  of  all  coelomate  animals  (c/. 
Vertebra  ta). 

The  Amielida  are  for  the  most  part  aquatic  animals,  but  terrestrial 
forms  are  known  (earth  worms). 

Their  eggs  are  sometimes  laid,  several  together,  in  a  cocoon 
{Hirudinea    and    Oligochaeta),    but,    as    a    general    rule    they   are 
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deposited  in  the  water,  with  but  little  more  protection  than  is 
afforded  by  the  vitelline  membrane. 

In  the  former  case  the  development  is  direct  and  there  is  no 
larval  stage,  the  development  taking  place  at  the  expense  of 
albuminous  matter,  which  is  included  in  the  cocoon.  But  in  the 
latter  case  the  young  undergo  only  a  small  part  of  their  develop- 
ment in  the  egg-membranes,  and  are  hatched  out  as  larvae  at 
an  early  stage,  to  undergo  the  rest  of  their  development  in 
the  free-swimming  state.  The  larval  form,  most  commonly,  one 
may  almost  say  invariably,  found,  is  that  called  the  frocJiospTiere, 
This  larval  form,  which  we  have  already  met  with  in  MoUusca, 
is  fully  described  further  on.  The  larva  of  Polygordim^  which 
is  known  as  the  larva  of  Lov^n,  is  a  typical  trochosphere  (Fig.  360), 
and  the  larvae  of  many  Chaetopoda,  and  of  Echiuroidea  (Fig.  431), 
are  typical  trochospheres. 

The  Annelida  are  classified  as  follows : — 


Class  1. 

AKCHIANNELIDA. 

»      2. 

CHAETOPODA. 

Order  1.     Polychaeta. 

,,      2.     Oligochaeta. 

Class  3. 

HTRUDINEA. 

„       4. 

ECHIUROIDEA  (GEPHYREA  ARM  ATA). 

For  reasons  fully  stated  in  the  sequel,  we  have  thought  it 
necessary  to  break  up  the  old  group  Gephyreaf  and  to  exclude 
some  of  its  divisions  {Sipunculoidea,  Priapidoidea,  Phoi'onis)  from 
the  Annelida,  The  Echiuroidea^  however,  we  retain  as  being 
obviously  true  Annelids. 

Class  I.    ABCHIANNELIDA.* 

Marine  Chaetopoda  without  setae  or  parapodia. 

There  are  two  genera  in  this  order,  Polygordius  Schn.  and  Proto- 
drilus  Hatschek,  the  former  foimd  in  sand  of  European  seas,  and 
the  latter  in  the  sand  of  an  inland  sea-lake  at  Faro  near  Messina. 
They  are  elongated  and  thread-like,  and  are  entirely  without  setae 
or  parapodia.  The  head  has  two  tentacles  and  two  ciliated  pits  (Fig. 
358).     The  segmentation  is  but  faintly  marked  externally,  by  slight 

•  Fraipont,  **  Le  Genre  Polygordius,"  Fauna  and  Flora  d,  Oolfes  v.  Neapel 
xi7.,  1887.   Hatschek,  ' •  Protodrilus,"  Arb,  ZooL  Inst,  Wien,  8,  1881.    Weldon, 
*•  Dinophilus  Gigas,"  Q,  J,  M,  S.,  1886,  27.     Harmer,  "DinoDhilua,"  J(mm. 
Mar,  Biol,  Aas.,  New  Series,  1,  1889.     For  a  description  of  Polygordius  see 
T.  J.  Parker,  Lessens  in  Elemmtary  Biology,  London,  1891. 
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grooves  in  Polygorditts,  and  by  ciliated  rings  in  Protodrilw.  There 
is  a  median  ciliated  groove  extending  along  the  ventral  surface  of 
Protodrilus.  The  segmentation  is  homonomous  and  is  marked  by 
the  coelomic  septa  (Fig.  361,  d).  There  are  no  circular  muscles  in 
the  body-wall. 

The  cerebral  ganglion  is  in  the  preoral  lobe,  and  the  ventral 
cords  lie  in  the  epidermis  (Fig.  359),  and  are  without  ganglionic 
swellings ;  in  Protodrilus  they  are  separated,  one  being  placed  on  each 


Fio.  Zb9.—Polygordiiis  neapolitanus.  b,  dorsal  view  of  bead  and  anterior  part  of  body, 
showing  the  ciliated  pits,  e,  hind  end  showing  the  last  three  s^^ents,  and  the  anal 
segment  with  a  circle  of  papillae,  and  the  anus  (after  Praipont). 

side  of  the  ventral  groove;  while  in  Polygordius*  they  are  fused. 
There  is  in  Polygordius  a  very  short  eversible  buccal  region  followetl 
by  an  oesophagus,  which  does  not  extend  beyond  the  head  (peri- 
stomial  part).  In  Protodrilus  there  is  a  U-shaped  muscular  tube 
placed  ventral  to,  and  opening  into  the  oesophagus. 

There  is  a  dorsal  and  ventral  mesentery,  and  oblique  longitudinal 
septa  passing  across  the  body-cavity  on  each  side  from  the  region 

*  In  Polygordius  there  is  a  fine  canal  in  the  ventral  cord,  which  is  said  to  be 
a  remnant  of  the  ventral  ciliated  groove  of  the  larva. 
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of   the   nerve   cord    to   the   lateral   body-walls   (Fig.  339),   and   in 
Protodrilus  the  body-cavity  is  traversed  by  a  nparae  reticulum. 

There  is  a  pair  of  simple  nephridia 
in  each  segment,  opening  internally 
into  the  preceding  segment ;  the  first 
pair  opens  into  the  body-cavity  of  the 
hinder  part  of  the  head  in  Protodrilus. 

The  vascular  system  consists  of  a 
dorsal  vessel  in  the  dorsal  mesentery,  and 
a  ventral  in  the  ventral  mesentery,  and 
of  connecting  vessels.  The  blood  is 
red,  yellow,  or  green,  or  colourless. 

The  generative  organs  are  developed 
from  the  coelomic  epithelium,  and  are 
discharged  into  the  body-cavity.  In 
Palygordius*  the  ova  probably  escape 
hy  rupture  of  the  body-wall,  and  the 
spermatozoa  by  the  nephridia,  P)oto- 
drilus  is  hermaphrodite. 

The  larva  of  Polygordiua  is  known 
typical  trochospliere  (Fig.  361,  a),  and  possesseB  a  preoral  ciliated 
ring  (JVip),  a  weaker  postoral  ring  {Poib),  a.  thickening  of  ectoderm  on 
the  preoral  lobe — the  apical  plate,  a  ventral  mouth,  and  a  terminal  ' 
anus.  Tliere  is  a  pair  of  mesoblastic  bands  at  the  hind  end  (Mt), 
terminating  in  front  in  the  lar\'al  kidney.  This  posterior  part  of  the- 
body  elongates,  its  mesodenn  becomes  segmented  into  somites ;  and 
it  gives  rise  to  the  body  of  the  worm  (Fig.  361,  b,  e).  Lat«r  the 
anterior  end  diminishes  relatively  in  size,  and  becomes  the  head  of 
the  adult  (Fig.  361,  d). 

Saceoeirru*  Bobr.,+  should  probably  be  placed  here.  It  is  faund  in  the  Black 
8a  and  MediterrsDesu  in  shallow  water  oD  gravel,  has  a  lonK  (20  to  30  mm.) 
and  DaiTow  body  with  a  groove  oa  its  ventral  surface.  The  aegmeutB  are 
numerone,  »nd  each  of  them,  except  the  first,  carries  two  dorsolateral  bundle* 
of  simple  setae.  The  preoral  lobe  has  two  long  tentacles  and  two  ejea  ;  between 
the  preoral  and  postoral  p«rt  (buccal  e<^ment)  of  the  head  are  two  ciliated  pita. 
Tliere  are  do  parapodia,  but  the  lower  parts  of  the  bundles  of  setae  are  enveloped 
in  a  cntaneoua  sheath,  which  can  be  protruded  or  retracted  into  the  body.  The 
sstae  are  enlarged  and  grooved  at  their  free  ends.  There  are  two  characteris- 
ticallf  marked  appendages  at  the  hind  end,  on  each  side  of  the  anus,  by  which 

'  [n  FTotodrHua  it  is  said  that  the  eggs  pass  backwards  through  the  meshes 
of  the  body-cavity  reticulum  to  a  pore  on  the  ventral  side  of  the  last  segment 
(Sepiacholf). 

i  Marion  and  Bobretzky,  Anit.  Sri.  KcU.  (6),  2,  I87G,  p.  69. 
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tbe  Knimal  liics  tU«lf  ta  th«  stones  on  nhich  it  cr««ps.  The  circul&r  mucla 
of  tba  body-wall  are  less  developed  than  tbe  laugitudiiial.  There  mn  iJm 
obtii^uely- placed  muscular  sheets  paseuig  from  the  ventral  body-mil  to  the 
lateral,  and  dividing  the  body-cavity  isto  two  lateral  and  one  median  chamber. 
The  insertion  of  these  oblique  muscles  is  associated  with  the  divitdon  of  the 
longitudinal  muscle  into  four  bands — one  dorsal,  two  lateral,  and  one  ventraL 
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The  ventral  nerve  cords  are  widely  separate,  and  are  placed,  as  is  also  the 
cerebral  ganglion,  in  contact  with  the  ectoderm  immediately  beneath  the  ventral 
insertions  of  these  oblique  septa.  Tliey  are  withoat  ganglionic  swellings. 
There  ai-B  two  contractile  vesicles  at  the  base  of  the  tentacles,  which  drive 
a  colourless  fluid  into  tlie  hollow  tentacles  and  so  distend  them. 

The  oesophagus  extends  for  thirteen  or  fourteen  segments,  and  is  followed 
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l>7  the  intestine,  which  is  dilated  segmentally.  Coelomic  septa  and  dorsal  and 
Tentral  mesenteries  are  present.  Of  the  vascular  system  a  dorsal  vessel  in  the 
dorsal  mesentery  has  been  detected. 

The  sexes  are  separate,  and  the  gonads  are  found  in 
all  segments  behind  the  fourteenth.  The  germ -cells 
are  developed  from  paired  patches  of  the  coelomic 
epithelium  on  the  posterior  faces  of  the  septa,  and  are 
dehisced  into  the  body-cavity,  where  they  ripen.  They 
escape  by  the  nephridia  of  the  part  of  the  body  in 
which  they  are  contained. 

The  nephridia  are  simple  tubes  opening  externally 
close  to  the  bundles  of  setae,  and  intemidly  into  the 
preceding  segment  In  the  male  the  nephridia  of  the 
testicular  segments  are  swollen  near  their  openings, 
and  their  terminal  parts  pass  into  small  papillae  which 
project  on  the  surface  as  small  penes.  These  penes  can 
be  retracted  into  penial  sheaths.  In  the  female  there 
are,  in  the  ovarian  segments,  receptacula  seminis  ;  they 
are  yellowish  vesicles  lying  in  the  central  chamber  of 
the  body-cavity,  and  passing  into  a  duct  which  traverses 
the  oblique  muscles  and  the  lateral  chamber  to  open 
on  the  ventral  surface. 

Histriodrilus*  {ffistriobdella  van  Ben.)  formerly 
classified  with  the  leeches,  is  said  to  belong  to  the 
Archiannelida.  It  is  a  small  worm  (1'4  mm.)  parasitic 
on  the  lobster,  the  eggs  of  which  it  devours.  It  has  a 
distinct  cephalic  region,  and  an  externally  segmented 
body  without  setae.  There  is  a  pair  of  limbs  on  the 
head,  and  another  on  the  last  segment.  There  are 
cerebral  ganglia  and  two  ventral  nerve  cords  which 
are  continuous  with  the  epidenuis  and  united  in  each 
segment  to  form  a  ganglion  ;  there  are  about  eight 
segments.  There  is  a  muscular  sub-oesophageal  sac 
armed  with  three  chitinous  teeth,  and  the  alimentary 
canal  is  ciliated.  There  are  four  or  five  pairs  of 
nephridia,  the  internal  openings  of  which  have  not 
been  satisfactorily  made  out.  The  sexes  are  separate, 
and  the  generative  organs  complicated.  The  ovaries 
and  testes  are  coelomic.  A  vascular  system  has  not 
been  observed.  The  body-cavity  is  present,  and  there 
are  dorsal  and  ventral  mesenteries.  Tliere  are  four 
longitudinal  bands  of  muscular  fibres  in  the  body-wall. 

Aeolos&inai  £hrb.,  often  included  amongst  the  Oligo- 
chaeta  as  the  sole  member  of  the  sub-order  Aphaneura, 
must  be  placed  with  the  forms  of  uncertain  position. 

It  is  a  small  (1-10  mm.),  fresh-water  transparent  worm  with  a  loose  and 
uncertain  outline.  The  prestoraium  is  ciliated  ventrally,  and  bears  a  pair  of 
ciliated  pits.  The  segmentation  is  ill-marked.  There  are  four  bundles  of  hair- 
like setae  on  each  segment  behind  the  peristomium.     The  ectoderm  contains 

*  Foettinger,  Arch.  Biol,  5,  1884,  p.  435. 

t  Beddard,  Monograph  of  Oligoehaeta,  Oxford,  1895. 
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coloured  gland-cells.  The  circular  and  longitudinal  muscular  layers  are  both 
thin.  Segmental  coelomic  septa  are  not  present,  except  the  septum  between 
the  peristomium  and  the  next  segment.  Dorsal  pores  and  head  pores  are  not 
]>resent.  One  pair  of  nephridia  is  present  in  each  of  the  setigerous  s^gmentL 
The  alimentary  canal  consists  of  pharynx,  oesophagus,  and  intestine ;  and  the 
anus  is  at  the  hind  end  of  the  body.  The  central  nervous  system  consists  of 
the  cerebral  ganglion,  which  is  continuous  with  the  ectoderm  of  the  prestominm. 
It  is  said  that  there  is  no  ventral  nerve  cord.  (Generative  organs  are  only 
occasionally  developed,  reproduction  generally  taking  place  by  fission.  The 
testis  is  median  and  unpaired,  and  lies  in  the  fifth  segment  (the  peristomium 
being  the  first) ;  the  ovary  is  similarly  placed  in  the  sixth  segment.  There 
are  no  generative  ducts.  The  sperm  escapes  by  nephridia,  the  ova  by  a 
pore  on  the  ventral  side  of  the  sixth  segment.  Spermathecae  are  small  ova) 
sacs  in  segments  3-5.  At  sexual  maturity  there  is  a  feeble  clitellum  on  the 
ventral  surface  of  segments  5-7.  The  oviposition  is  unknown.  One  species 
has  the  habit  of  encysting  in  a  chitinous  capsule.  There  are  several  English 
species. 

Aeolosatna  differs  from  Oligochaets  in  the  following  characters,  some  of  which 
point  to  Archiannelidan  affinities  ;  the  continuity  of  the  cerebral  ganglion  with 

the  ectoderm,  the  absence  of  a  ventral  nenre 
cord,  the  absence  of  generative  ducts,  the 
cephalic  ciliated  pits,  the  absence  of  transverse 
coelomic  septa ;  it  resembles  them  in  being 
hermaphrodite  and  in  having  spennathecae 
(which,  however,  are  found  in  Saceocirrus). 

It  is  possible  that  the  marine  genus  Ctenodrilut 
(Scharff.  Q.  J.  M,  S.,  27)  should  be  placed  with 
Aeolosoma,  It  has  one  row  of  comb-like  setae 
on  each  segment,  the  prestominm  is  ciliated  on 
its  ventral  surface,  and  bears  ti^'o  ciliated  pits. 
There  is  only  a  single  pair  of  nephridia  in  the 
peristomium,  and  only  a  single  layer  of  muscles 
—longitudinal — in  the  body-wall.  The  nervous 
system,  which  consists  of  a  cerebral  ganglion  and 
ventral  cord,  lies  in  the  ectoderm.  The  sexual 
worm  is  unknown. 

Dinophilus  is  a  small  marine  worm  found  in 
the  Channel  in  the  spring  on  sea-weeds.     There 
is  a   head  consisting  of   preoral   and  postoral 
portions,  and  a  body  consisting  of  five  or  six 
segments,   each   marked   externally  by  one  or 
two    ciliated    rings.      The    ventral    surface    ii 
ciliated.     The  anus  is  posterior,  and  projecting 
on  the  ventral  side  of  it  is  a  kind  of  tail-append- 
age.  Tlie  preoral  lobe  either  possesses  two  ciliated 
rings,  or  is  uniformly  ciliated :  it  also  bears  a  pair 
of  eyes  and  some  groups  of  stiff  sensory  hairs, 
and  a  pair  of  ciliated  pits. 
The  alimentary  canal  is  straight  and  ciliated ;  there  is  a  ventral  muscular 
organ  opening  into  the  oesophagus  like  that  of  Protodrilus, 
The  nervous  system  consists  of  a  ganglion  in  the  preoral  lobe,  and  a  pair  of 
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separated  lateral  nerve  cords  placed  close  to,  though  not  in,  the  ectoderm.    The 
ventral  cords  are  sometimes  ganglionated  segmentally. 

The  body-cavity  is  occupied  (or  traversed)  by  a  network  of  connective  tissue, 
in  which  the  genital  cells  appear  to  arise.  The  spaces  of  this  network  are 
specially  enlarged  round  the  internal  ends  of  the  nephridia.  There  are  no 
septa,  no  dorsal  and  ventral  mesentery,  and  no  vascular  system. 

The  nephridia  are  in  five  pairs,  of  which  the  posterior  in  the  male  communicate 
by  a  ciliated  funnel  with  the  cavity  of  the  testis.  With  the  exception  of  this 
fifth  pair,  the  nephridia  open  on  the  sides  of  the  ventral  surface :  they  are 
simple  tubes  which  internally  possess  a  large  flame-shaped  cilium,  or  a  row  of 
small  cilia  which  give  the  appearance  of  a  flame  ;  it  is  uncertain  whether  they 
open  internally  or  not ;  indeed  it  is  uncertain  whether  we  ought  to  speak  of  a 
body-cavity  at  all  in  these  animals.  The  part  of  the  nephridia  next  the  external 
opening  is  ciliated,  and  no  nuclei  are  distinguishable  in  connection  with  their 
walls. 

The  animals  are  dioecious.  The  nephridia  of  the  fifth  pair  are  <k>nnected  with 
the  testis  internally  and  join  together  to  open  at  the  hind  end  of  the  body  into 
a  vestibule,  which  opens  externally  in  the  middle  ventral  line  ;  they  are  dilated 
near  the  opening,  and  constitute  a  pair  of  vesiculae  seminales.  There  is  a  median 
penis  projecting  into  the  vestibule.  Spermatozoa  are  introduced  into  the  female 
by  means  of  the  penis  which  perforates  the  skin  at  any  point  of  the  surface,  and 
so  introduces  spermatozoa  into  the  body-cavity.  The  ovaries  like  the  testes 
appear  to  arise  from  cords  of  the  parenchyma,  and  the  eggs  when  ripe  probably 
pass  into  a  special  median  ventral  passage  in  this  parenchyma,  which  opens  to 
the  exterior  by  a  median  pore  at  the  base  of  the  caudal  appendage. 

There  appears  to  be  a  thin  layer  of  circular  muscles,  and  a  pair  of  longitudinal 
muscular  bands  just  external  to  the  lateral  nerve  cords. 

Saccoeirrus  in  many  points  of  its  anatomy  closely  resembles  Polygordius  and 
ProtodriltiSy  near  which  it  may  be  provisionally  placed.  The  principal  point  of 
difference  is  the  presence  of  setae — while  the  resemblances  are  numerous :  the 
ciliated  pits,  the  uniformly  segmented  body,  the  oblique  septa,  the  dorsal  and 
ventral  muscles,  the  position  of  the  ventral  cords  in  the  ectoderm.  It  clearly 
resembles  the  two  Archiannelidan  genera  far  more  closely  than  does  Dinophilus 
(see  below),  which  is  without  coelomic  septa,  oblique  septa,  or  vascular  system, 
and  has  a  body-cavity  extensively  occupied  by  a  reticulum,  and  nephridia  of 
doubtful  relations.  Moreover,  the  structure  of  the  male  and  female  generative 
organs  of  Dinophilua  is  quite  different  from  that  of  Archiannelids,  with  the 
doubtful  exception  of  the  female  Protodrilus,  which  needs  reinvestigation  on 
this  point. 

It  must  be  remembered  that  the  sub-oesophageal  muscular  organ,  upon  which 
so  much  stress  has  been  laid  as  indicating  affinity  between  Dinqphilus  and 
Archiannelida,  though  present  in  Protodrilus,  is  altogether  absent  from 
Polygordius, 

The  union  of  Histriodrilua  with  the  Archiannelids  is  more  fully  justified, 
but  before  finally  deciding  the  matter  we  require  more  knowledge  of  the 
generative  organs  and  nephridia,  and  a  re-examination  of  the  vascular  system. 

In  the  present  state  of  our  knowledge  the  Archtannelida  must 
be  regarded  as  having  very  much  the  same  relation  to  the  Chaeto- 
poda  as  Chiton  has  to  the  other  Gastropoda ;  while,  carrjring  on  the 
same  comparison,  Dinophilus  and  Histriodrilua  occupy,  relatively  to 
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the  main  group,  a  similar  position  to  that  assigned  above  to  Neomenia 
and  Chdetoderma  in  the  MoUuscan  phylum.  They  are  isolated  fonns 
with  Annelidan  affinities.  As  to  Saccocirrus  it  seems  clear  that  it 
connects  Archiannelids  with  such  Polychaets  as  the  Opheliuiae,  in 
which,  though  coelomic  septa  are  absent,  the  oblique  septa,  predomin- 
ance of  the  longitudinal  muscles  and  in  Polyophihalmus  at  least,  if 
not  in  other  genera,  the  cephalic  ciliated  pits,  and  contiguity  of  the 
ventral  nerve  cords  to  the  ectoderm  are  noticeable  characters. 

Glass  2.     CHAETOPODA. 

Amielids  with  conspicuous  setae.  The  perivisceral  cavity  is  /w 
many  cases  divided  by  septa. 

The  Chaetopoda  include  Polychaetaj  in  which  the  setae  are 
generally  borne  on  parapodial  processes  of  the  body,  which  may  be 
fairly  compared  to  the  appendages  of  Arthropods,  and  the  Oligochada^ 
in  which  there  are  no  parapodia,  the  setae  simply  projecting  from 
the  body-wf^. 

Order  1.     Polychaeta.* 

Marine  Chaetopoda  irith  nuDierous  setae  embedded  in  parapodia: 
usually  with  distinct  heady  tentacles,  citTt  ami  branchiae.  They  are 
for  the  most  part  dioecious^  and  develop  tcith  a  meiamorphosis. 

The  Polychaeta  are,  with  a  few  exceptions,  marine  Chaetopods, 
in  which  the  setae  are  numerous  and  borne  upon  special  processes  of 
the  body-wall  called  parapodia.  The  head,  which  is  called  the 
prestomiumy  very  generally  bears  tentacular  appendages,  while  the 
next  segment,  called  the  peristomium,  is  usually  modified  and  may 
be  fused  with  one  or  two  of  the  following  segments.  The  alimentary 
canal  generally  possesses  an  eversible  buccal  region,  and  a  muscular 
protrusible  (not  eversible)  pharynx.     The  coelomic  septa  may  persist, 

♦  Audouin  et  Milne -Edwards,  Ann.  Sci,  Nat,,  t.  27-80,  1832-38.  Delle 
Cliiaje,  **  Ikscrizione  e  notomia  degli  animali  setisa  vcrtebre  d,  Sicilia  citeriorty^ 
Napoli,  1841.  Quatrefagcs,  ''  Histoire  Nat.  d.  AntieltSs"  1  and  2,  1865.  Ed. 
Claparede,  "  Anndlide^  ClUtopodes  du  Golf  de  Naples,''*  1868,  and  Supplement, 
1870.  Ehlers,  ''Die  BorsUmcurmer,'*  1868.  Johnston,  ''Brit,  Mus.  Catalogue 
of  non-parimtiad  worms/'  1865.  Mcintosh,  "British  Annelida,"  Trans,  Zool. 
Soc.y  ix.,  1877.  Malmgreu,  "Nordiska  Hafs-Anuulater,'*  Q/Vfrjtj^^  X:.  Fet,  Akad. 
Fordharidlingar,  1865  and  1867.  St.  Joseph.  "Ann.  Polych^tes  des  cStes  de 
Dinard."  Ann,  Sci.  Nat.  (7),  1,  5,  17,  20,  1886-94.  Malaquin,  Becherehcs  sur 
hs  SyllidUns,  1893.  Bobretzky  et  Marion,  **Kt.  s.  les  Anndides  du  Golf  de 
Marseille,  Ann.  Sci,  Nat.  (6),  2,  1875.  Mcintosh,  "Report  on  the  Annelida 
Polychaeta,"  Challenger  Reports^  1885,  and  numerous  papers  by  E.  Grube. 
W.  B.  Benhara,  *' Polychaeta,"  Cambridge  Natural  History^  1896.  Meyer, 
"Stud.  ub.  d.  Korperbau  der  Anneliden,"  Naples  Mitth.,  7  and  8,  1887-8. 
Pruvot,  Arch,  Zool,  Exp^r,  (2),  3,  1885. 
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but  in  a  large  number  of  cases  partly  or  entirely  break  down  and 
disappear.  As  a  rule  there  are  no  special  generative  ducts,  and  the 
generative  products,  which  are  dehisced  into  the  coelom,  pass  out  by 
any  or  some  of  the  nephridia.  A  vascular  system  is  present,  except 
in  a  few  cases,  in  which  its  absence,  though  stated  on  good  authority, 
must  be  regarded  as  doubtful  until  renewed  investigations  of  the 
matter  have  been  made.  Some  are  free,  but  a  large  number  inhabit 
tubes  which  they  manufacture  or  construct  for  themselves. 

The  body  is  generally  elongated,  and  the  internal  segmentation 
shown  externally.  The  number  of  segments  is  usually  considerable, 
and  in  some  cases  is  variable,  increasing  with  age.  The  segments 
may  be  all  alike,  or  the  body  may  be  divided  into  two  regions,  often 
-called  thorax  and  abdomen,  which  differ  from  one  another  in  the 
form  of  the  parapodia,  of  the  setae,  and  in  other  respects  (Sabellidae, 
Capitellidaey  etc.).  In  some  forms  the  hind  end  of  the  body  is  much 
reduced,  and  may  be  without  setae. 

The  head  consists  of  the  anterior  part  of  the  body,  on  the 
ventral  side  of  which  the  mouth  is  placed.  It  is  almost  always 
<livided  by  a  mark  into  a  preoral  portion — the  prestomium,  and 
A  postoral  portion,  which  is  miscalled  the  peristomium.  The  pres- 
tomium  is  often  called  the  first  segment,  and  the  peristomium  the 
second ;  but  in  this  work  the  peristomium  is  reckoned  as  the  first. 

The  prestomium  may  be  a  well-marked  structure,  or  it  may  be 
much  reduced,  and  hardly  distinguishable  from  the  peristomium 
(Arenicola).  In  the  Gryptocepliala  the  prestomium  is  hidden  by 
the  forward  extension  of  the  peristomium.  The  prestomium  may 
be  without  appendages,  but  it  usually  bears  two  kinds  of  sensory 
appendages — the  tentacles,  which  arc  attached  dorsally  and  vary  in 
number  from  two  to  five,  and  the  palps  which  are  two  in  number 
and  ventrally  placed  (Fig.  363).  It  often  bears  one  or  two  pairs 
of  eyes.  The  peristomium  is,  in  rare  cases,  provided  with  parapodia 
4ind  setae,  like  the  other  segments  (Aphrodite^  Hermione^  Nephthys) ; 
usually  it  is  without  setae  and  parapodia,  though  the  cirri  are  often 
present  as  long,  tentacle-like  structures  called  tentacular  cirri  (Fig. 
363,  Fc).  When  there  is  more  than  one  pair  of  tentacular  cirri  it 
is  supposed  that  one  or  more  of  the  hinder  segments  have  become 
merged  in  the  peristomium,  and  have  lost  their  parapodia;  in  such 
cases  the  head  is  a  compound  or  secondary  head,  one  or  two  body 
segments  having  fused  with  the  peristomeal. 

The  parapodia  are  segmental,  hollow,  lateral  projections  of  the 
body.     They  carry  the  setae  and  are  either  biramous  or  uniramous. 


When  they  are  binunous  the  donal  branch  is  called  the  notopodium, 

and  the  ventral  the  nfitropodium. 

The  aeievla  are  especially  strong,  dark- 
coloured  eetae,  hardly  projecting  at  all,  and 
deeply  embedded  in  the  parapodia  (Fig.  364). 
Typically  there  ia  one  in  the  noto-  and  one 
in  the  neuropodium ;  they  serve  for  the 
attachment  of  the  muscles  of  the  setae. 
The  setae  are  chitiuous,  and  project  in 
groups  from  saca  on  the  parapodia;  each 
seta  is  formed  hy  a  single  large  cell  at 
the  bottom  of  the  sac. 

The  form  of  the  setae  varies  extremely, 
and  affords  a  good  character  for  the  classifi- 
cation of  families  and  genera.  According 
to  the  strength,  form,  and  mode  of  ending 
the  following  forms  may  be  distinguished : 
simple  setae,  which  may  be  hair-like  or 
flattened  (jtaleae).  or  lance-shaped,  or  curved 
at  the  end  (crotchets),  etc.;  jointed  setae 

(composite),  which  cany  a  terminal  articulated  appendix  (Fig.  365,(7) 

— found  in  the  Nereidi/ormia ;  vncini  (o,  6),  setae  with  a  sharply- 


Tm.  MS,— A'lrcii  lurvori 
Oifter  H.  EilwirdiX  1 
vltb  Bvcrttd  mouth  aod 
traded  Jin  (X^    Th*  ■ 


»  front  end  tvo 
■p  »nd    inntrallr 


Tm,  S04.— Secttnn  thrangli  k  Kgniant  of  ■  Polychut,  dlagimmiutic  (ban  Lug). 
b  HUf ;  fcm  unlrml  nm«  tord ;  dc  doml  dmn ;  rfp  notopodlum :  t  gilt ;  h 
raniiclM;  aidinuitlDtiafinephridlum  :ocoir«rjf;  m  circulai  idumIm  :  >>■  tnuu 
fr  runnel  of  iiephridluiu  ;  n  vtntnl  ciirui ;  nf  doncl.  n  nnlnl  t«iwI  ;  ip 
Then  m  on  In  tlie  bodj^sTtt/. 
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curved  hook  (Terebelli/ormia,  Sahdliformia).  When  the  parapodia 
are  completely  wanting,  the  setae  project  from  the  body -wall 
{Capitella). 


The  appendages  of  the  parapodia  present  a  great  variety  of  fonn, 
and  not  unfrequently  vary  in  the  different  parte  of  the  body.  Moet 
important  are  the  rirri,  which  are  ntttiched  to  the  dorsal  and  ventral 
surfaces  of  the  parapodia.  The  cirri  are  for  the  most  i>art  filiform, 
and  sometimes  pointed ; 
they  may  also  he  ringed. 
In  some  cases  the  dorsal 
cirri  are  flattened  out  as 
hroad  scale-like  structures 
—the  elytra  (Fig.  366)— 
which  constitute  a  protec- 
tive covering  to  the  back 
(Aphroditulae).  In  other 
cases  the  dorsal  cirri*  are 
modified  as  branchiae,  which 
may  be  filifonii,  branched 
and  antler  ■  like,  comb- 
shaped,  or  in  tufts ;  some- 
times they  are  confined  to 
the  middle  region  of  the 
body  (Arenirola,  Fig.  397), 

*  It  Bonietinics  ]i[t]>|>fns  tlmt 
which  caae  the  gills  must  be  regi 
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or  are  extended  almost  across  the  whole  dorsal  surface  {Euphrotyne); 
sonietiinee  they  are  confined  to  the  anterior  segments  immediately 
following  the  oral  segment  (Terefiella).*  Both  cirri,  or  one  of  them, 
may  be  altogether  absent. 

The  last  or  anal  segment  is  always  modified :  the  parapodia  and 
setae  are  absent,  but  one  or  two  pairs  of  cirri — the  anal  cirri — are 
present.  The  anus  is  usually  terminal ;  in  Notopygof  it  is  dotsal, 
and  in  Caohangia  it  is  anterior  and  ventral. 

The  alimestary  canal  is  usually  straight  (coiled  in  Pectinaria, 
Siematqns,  Siphonostoma,  etc.);  it  is  divided  into  buccal  carity, 
pharynx,  oesophagus,  and  intestine.  The  buccal  cavity  has  muscular 
walla,  and  is  often  eversible,  while  the  pharynx  which  also  has 
muscular  walls  is  often  protrusiblc  (Figs.  363  and  367).  Tlie  buccal 
cavity  has  a  chitinous  lining,  which  may  be  thickened  at  certain 


spots  into  denticles,  and  the  pharynx  is  often  armed  witli  powerful 
and  movable  chitinous  jaws  ot  plates.  These  structures,  however, 
are  not  always  present  {e.g.  Terebellids  and  SabeJIids) ;  tbey  are  well 
developed  in  the  Nereuti/ormia.  The  oesophagus  is  often  provided 
with  a  pair  of  diverticula,  which  in  some  Syllidae  and  Hesumidae 
contain  air.  The  intestine  reaches  to  the  anus,  and  is  constricted 
segmentidly.  In  the  Aphrodiliilae  the  sacculations  are  elongated 
into  caeca  (Fig.  368).  In  Syllids  and  some  Terebellids  there  is  a 
muscular  gizzard  with  a  liard  chitinous  lining.  In  the  CapiteUidae 
there  is  a  siplional  tube  leaving  the  intestine  in  front,  and  entering  it 
again  behind. 

The  nervous  Bystem  is  constructed  on  the  typical  Annelidan  plan. 
It  is  sometimes  in  contact  with  the  epidermia,  though  moie  often 
separated   front   the  skin.      The  cerebral   ganglion  is  contained  in 


*  Tlie  cephalic  branchiae  of  lbs  SaUU^fon 
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the  prestomium,  and  the  eyes,  wlien  present,  are  often  sessile  upon 

it.     The  ventral  coid  is  double,   and   tlie  two  halves   are  usually 

closely   approximated,    though   in   some    Sabelli/o 

they    are    widely    separated    (Fig.    369), 

especially  in  front,  and  connected  together 

by    transverse    commissures    which    pass 

between  the  ganglionic  swellings.     These 

latter   are   segmental,   the   first   or  sub- 

pharyngeal  being  often  contained  iu  the 

third  segment,  and  the  nerves  are  given 

off  from    them.      In   some    fonns,    e.g. 

Arenieola,    the    ganglionic    enlargements 

are  very  inconspicuous.     A  stomatogaatric 

or  visceral  system  is  given  off  from  the 

cerebral    ganglion,    or  from    the    circum- 

phaiyngeal    commissures,    or    from    both. 

Giant    fibres    are    often    present   on   the 

dorsal   side   of    the    ventral    eonls.     The 

nerves  to  the  palps  arise  from  a  special 

section    of    the    cerebral    ganglion ;    tlje 

nerves   to  the    tentacular  cirri   come   off 

from    the    subphavyngeal    ganglion,    and 

sometimes    from    the    circum- pharyngeal 

commissures  aa  well.    The  subpharyngeal 

ganglion,   which   also   supplies    the   first- 

parapodium,  seema,  aa  a  rule,  to  consist 

of  the  ganglia  of  two  or  mora  segments 

Sense  Oisans.  The  tentacles,  palps, 
and  t«ntacular  cirri  must  be  regarded  as 
tactile  organs ;  and  the  ciliated  pits  which 

are  often  present  on  the  prestomium  and  abut  upon  a  special  lobe  of 
the  brain  {Capitdlidae,  Opkelii'iae,  Arenieola,  etc.)  as  olfactory.  In 
addition  to  these  we  sometimes  And  otocyata  in  tlie  prestomium 
(Arenieola  and  Polyopkth<Unim),  or  in  some  other  segment  of  the 
Ixxiy  (Fabrieia,  Myxkola,  Tereliella),  or  even  segmentally  repeated 
in  the  dorsal  regions  of  a  certain  number  of  segments  (Aricia). 
In  some  species  of  Arenieola  they  retain  the  opening  to  the 
exterior.* 

In  the  CapU^idae  grouje  of  sensory  cells  hearing  sense-hairs  ar» 
*  EHilera,  2./.  w.  Z,  Sup.  Bd.  63,  1892. 


Fio.  3«a,— AlimeuUry  caul  of 
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found  on  the  lateral  portions  of  the  segments,  and  are  called  the 
lateral  line  organs. 

The  pigmented  hodies,  called  eyes,  and  occurring  in  pairs  on  some 
of  the  segments  of  PolyapMhalmus^  are  probably  photogenic  oigans. 

Eyes.*  Paired  eyes  are  often  present  on  the  prestomium,  especially 
in  the  free-living  forms;  but  they  are  also  found  in  other  places, 
€,g,^  the  anal  segment  (Myxicola^  Falrricia),  the  gills  of  some 
Sabellids  (Branchiomma^  Dasychane).  The  cephalic  eyes  attain  a 
large   size   and   complex  development   in  the   pelagic  Alctopidae,\ 


a  l 

Fio.  860.— Brain  and  anterior  portion  of  the  ganglionic  chain  of  a,  SerpuJa ;  b,  Xtreis  (after 
Quatrefages).  O  eyea;  G  cerebral  ganglion  (brain);  e  oesophageal  (or  pliaryngeal)  com- 
niisHures ;  Vg  suboesophageal  ganglion ;  e,  e'  nerves  to  the  tentacular  cirri  and  peristomium. 

where  they  have  a  large  lens  and  a  complex  retina  (Fig.  389).  In 
most  forms  the  prestomial  eyes  are  simple  cups  of  the  epidermal 
layer,  which  may  l)e  open  or  filled  by  a  substance  continuous  with 
the  outer  cuticle  and  constituting  a  lens,  as  in  the  eye  of  some 
Gastropoda  {vide  Fig.  290,  B). 

The  vascular  system  is  constructed  on  the  usual  type ;  there  are 
dorsal  and  ventral  contractile  vessels  giving  off  vessels  to  the  skin 
and  internal  organs.  In  some  forms  there  is  a  continuous  blood 
«inus   round    the   intestine   instead    of    the   usual   capillary   plexus 

*  E.  Andrews,  '*  Eyes  of  Polychaetous  Annelids,"  Journ.  Morph,  7,  1892, 
p.  169. 

t  Greef.  "  ijh.  d.  Auge  d,  Alciopidcn^'  etc.f  Marburg,  1876. 
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(TerebeUids,  Cryptocephala,  etc.).  The  blood  is  usually  red,  owing 
to  the  presence  of  haemoglobin  in  solution ;  but  in  some  forms 
{Chlorhaemidae,  and  some  Sahelliformia)  it  is  green,  owing  to  the 
presence  of  a  green  pigment  called  chlorocruat^in.  In  Aphrodite 
the  blood  fluid  is  yellow,  and  in  Magelona  it  is  pink,  owing  to 
the  presence  of  a  pigment  called  haemerytJirtn.  The  vascular  system 
is  said  to  be  absent  in  the  Gli/ceridae,  Capitellidae,  Polj/cirrus,  and 
Tamqpteris. 

The  respiratory  fimction  is  discharged  by  the  gills  (see  above), 
and  probably  by  the  whole  surface  of  the  skin. 

The  perivisceral  cavity  (coelom)  is  well  developed,  and  is 
frequently  divided  by  transverse  segmental  septa  into  chambers, 
but  in  some  of  the  tubicolous  forms  the  septa  are  deficient,  many  of 
them  being  absent.  Muscular  bands  pass  from  the  median  ventral 
line,  where  they  are  inserted  on  each  side  of  the  nerve  cord  obliquely 
dorsally  and  outwards,  where  they  spread  out  in  a  fan-like  manner  to 
}>e  inserted  into  the  dorso-lateral  body-wall.  They  divide  the  body- 
cavity  more  or  less  completely  into  three  regions,  two  lateral,  and  a 
median  containing  the  alimentary  canal  (Fig.  364).  The  coelomic 
fluid  contains  amoeboid  corpuscles,  and  is  usually  colourless ;  but  in 
the  Glyceridae,  Capitdlulae,  Polj/ciniis,  the  coelomic  corpuscles  are 
coloured  with  haemoglobin. 

Median  dorsal  and  ventral  mesenteries  passing  from  the  body-wall 
to  the  gut-wall,  and  dividing  the  body-cavity  into  a  right  and  left 
half,  are  present  in  some  forms  (Capitellidaey  Sahella^  etc.). 

Excretory  organs.  In  many  Polychaets  the  nephiidia  occur  in  all 
the  segments  except  a  few  of  the  anterior  and  posterior ;  but  in  some 
they  are  reduced  in  number,  e.^.,  to  six  pairs  in  Arenicola,  one  pair 
in  Stemaspisy  and  one  or  two  pairs  in  Clilorhaejiiidae.  In  the 
Capitellidae  there  may  be  more  than  one  pair  in  a  segment,  and  a 
single  nephridium  may  have  more  than  one  internal  ojiening ;  more- 
over, adjacent  nephridia  may  be  connected  together. 

The  nephridia  of  Polychaets  are  either  long  convoluted  tubes 
(e.</.,  Nereis,  Fig.  370)  with  a  small  internal  funnel,  or  short  and 
wide  tubes  {e.g.,  Arenicola,  Fig.  371)  with  a  wide  funnel.  The 
nephridia  of  the  former  kind  cannot  serve  as  escape-ducts  for  the 
ova,  and  it  becomes  a  question,  in  animals  which  possess  them  alone, 
how  the  eggs  pass  outwards.*     In  some  tube-dwellers  one  or  more 

*  It  is  possible  that  the  dorsal  ciliated  organs  of  Nereis,  which  occur  in  pairs 
in  most  of  the  segments  as  ciliated  patches  of  coelomic  epithelium,  may  really 
have  undetected  external  apertures  (Goodrich,  Q.J.M.S.,  34,  1893.) 

2   H 
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paira  of  the  anterior  nephridla  become  much  enlaiged  as  renal  organs, 
vrhilB  the  nephridia  of  the  poeterioi  part  of  the  body  become  mucli 
reduced,  and  eerve  aa  genital  ducts. 

BeprodnctiTS  organs.     The  Polychaete  are  mostly  dioecious,  but 
a    few   are    hermaphrodite    (some    Sabelliformia,  e.g.,  Amphigletta, 


.— Kophrldluni  or  Nirru  (lOar  Goodiieh.  dlignminitte).  Tht  ncphiidial  tnbe  0|>n» 
Lnt«mil1y  at  nejih,  fun.,  oit«nAlly  at  ntph.  p.,  mod  Jb  divLdod  Into  tOm  regiau;  p.i.oiL 
poitHptaL  cuul. 

Salmacina,  Frolula,  Spirorbut,  and  some  Hesicmidae).  The  gonads, 
which  are  differentiations  of  tlie  coelomic  epithelium,  are  not  so 
narrowly  localized  aa  in  Olujochaeta,  but  are  more  diffused  over  the 
body — on  tlie  waUs  of  blood  vessels,  on  the  intestinal  wall,  or  eyen 
on  the  body-wall.*     The  products,  when  ripe,  are  dehisced  into  the 


•ppendnge ;  c  fiiniif 

B  nene  i!oH  ;  h  lontiitiii 

'  >gtfr(B»(1on  of  reproduc 


*  Cosmovici,  Arch.  2aol.  Expir.,  8,  1879-80. 
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body-cavity,  where  they  ma- 
ture; they  eventually  escape 
either  by  rupture  of  the  body- 
wall,  or  through  the  nepbridia. 
There  are  no  special  generative 
duct§.  Only  a  few  Polychaete 
are  viviparous  {e.g.,  Syllig 
vivipara  Kr.,  Marphym  gan- 
ipiinea  Mont.,  etc) ;  all  the 
rest  are  oviparous ;  many  lay 
their  e^s  in  a  jelly  (Aricia, 


OpMia,  Phyllodoce),  others  attach 
them  to  their  own  body,  e.g.,  to  the 
back  beneath  the  elytra  (Polynoe 
eirrata),  to  the  dorsal  or  ventral 
cirri  (Ejrogone),  in  a  ventral  brood- 
eac  {Autolyt-ui),  in  the  opercidum 
(Spirorbis),  or  in  various  tubicolouB 
forms  to  the  tube. 

Polrmorphism.  The  forms  for- 
merly placed  in  the  genua  ffelero- 
nereis  have  been  eliown  by  Kfalmgren 
to  be  merely  the  sexually  mature  in- 
dividuals of  certain  species  of  Nei-eit. 
The  genus  has  consequently  been 
given  up,  but  the  name  haa  been 
retained  to  denote  the  sexual  phase 
in  the  life-history  of  these  Nereids. 

The  changes  which  the  worms 
undergo  in  passing  from  the  imma- 
ture condition  to  the  mature  Hetero- 
nereid  condition  chiefly  aifect  the 
posterior  part  of  the  body  in  which 
the  generative  organs  are  contained; 
in  this  part  (Fig-  373)  the  parapodia 
become  larger  and  acquire  flattened 
foliaceous  outgrowths,  while  the  setae 
are  thrown  off  and  replaced  by  new 
setae  of  a  flattened  form  and  a  fan- 
hko  arrangement.  Moreover,  the  eyes 
become    enlarged,    the    dorsal    cirri 
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altered,  and  the  animal  passes  from  a  creeping  to  a  free-swimming 
existence.  Further,  there  is  a  sexual  dimorphism,  inasmuch  as  the 
sexually  mature  male  is  more  altered  from  the  immature  form  than 
the  female,  having  fewer  unaltered  anterior  segments. 

In  Nereis  dunierilii  Clapar^de  has  shown  that  there  is  a  still 
more  remarkable  phenomenon  of  the  same  kind.  In  this  species 
it  appears  that  there  are  four  distinct  sexual  forms,  differing  from 
one  another  in  size,  form,  mode  of  life,  etc.;  they  are  (1)  a  sexual, 
dioecious  Nereis  form,  distinguished  by  its  small  size ;  (2)  a  sexual 
hermaphrodite  Nereis  form;  (3)  a  dioecious  Heteronereis  which  is 
small,  and  swims  on  the  surface ;  (4)  a  dioecious  Heteronereis  which 
is  larger,  and  creeps  on  the  bottom.  It  is  not  known  how  these 
forms  are  related  to  each  other. 

In  the  SyUitJae  phenomena  of  a  very  similar  kind  have  been 
observed,  and  there  is  a  Heterosyllid  sexual  condition  in  which 
the  posterior  sexual  segments  acquire  a  dorsal  bundle  of  specially 
long  setae ;  but  in  this  family  the  phenomenon  is  often  accom- 
panied by  asexual  reproduction,  which  we  will  now  proceed  to 
consider. 

Asexual  reproduction.  The  power  of  asexual  reproduction  is 
closely  associated  with  the  power  of  reproducing  lost  parts,  and  with 
the  power  of  indefinite  growth,  i.e.  of  growth  after  the  adult 
condition  has  been  attained.  In  many  Polychaetes  the  number  of 
segments  continues  to  increase  throughout  the  life  of  the  animal  by 
the  addition  of  new  segments  between  the  penultimate  and  anal 
segments;  and  in  most,  if  not  in  all  of  them,  the  power  of  repro- 
ducing lost  parts  is  very  extensive.  For  instance,  in  many  of  them 
it  has  been  observed  that  if  the  body  be  cut  into  two  parts,  the 
anterior  part  will  produce  a  new  hind  end,  and  the  posterior  part 
a  new  head. 

These  two  phenomena — the  reproduction  of  lost  parts  and  the 
protracted  formation  of  new  segments— are  both  instances  of  the 
phenomenon  of  budding,  and  it  is  not  surprising  to  find  reproductive 
gemmation  nonnally  occurring  in  the  group. 

The  simplest  cases  are  those  in  wliich  a  zone  of  fission  is  formed 
between  two  segments,  which  becomes  differentiated  into  an  anal 
region  for  the  part  of  the  worm  in  front,  and  a  cephalic  region 
for  the  part  of  the  worm  behind.  This  results  in  the  division  of 
the  worm  into  two  {Salmacina  chjsteri,  Filiffrana  implexa).  Sexual 
reproduction  does  not  appear  to  take  place  in  a  worm  undergoing 
fission. 
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In  some  genera  of  the  Syllidae  the  process  is  more  complicated.* 
The  Heterosyllid  condition  is  assumed  (Fig.  375,  /),  and  the  worm 
divides  into  an  anterior  non-sexual  portion,  and  into  a  posterior 
sexual  portion  (Fig.  375,  //),  which  after  separation  acquires  a  new 
head,  and  becomes  an  independent  male  or  female  worm.  The 
anterior    non-sexual    portion    develops    after    separation    new    anal 
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Fig.  874.  —  Autolytus 
comutu*,  with  the 
male  animal  Polybos- 
trichu9  (after  A. 
AgassizX  ^tentacles; 
CT  tentacular  cirri 
of  the  aaeznal  womi; 
/  tentacles ;  ct  tenta- 
cular cirri  of  the  male 
PolyboUrichus. 
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Fio.  875.— Diagrams  illustrating  the  a.sexual 
reproduction  of  different  Chaetopods.  /, 
the  heteronereid  or  heterosyllid  stage ;  A 
non-sexual  anterior  part ;  D  posterior  sexual 
part.  //,  the  posterior  sexual  part  is 
separating  from  the  anterior  non-sexual 
(SyUU  hyalina).  Ill,  the  same  in  AutolytVB, 
the  hinder  zooid  develops  a  head  before 
separation.  /Tand  F budding  in  AuMytug^ 
Myrianida, etc.,  in  which  the  zone  of  fission, 
after  producing  the  head  of  the  sexual  worm, 
persists  (Z),  and  gives  rise  to  a  chain  of 
sexual  zooids  (C,  D).  Altered  from  Benharo. 
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segments,  which  eventually  acquire  generative  organs  and  Hetero- 
sylUd  setae,  and  in  their  turn  separate  from  the  anterior  portion  to 
form  an  independent  sexual  worm,  male  or  female ;  in  this  case  the 
two  sexes  are  similar.     In  some  cases  the  sexual  form  may  never 

*  Sohifogamy  is  the  name  given  to  that  method  of  reproduction  in  which  a 
sexual  worm  is  produced  by  fission  (fissiparous)  or  by  gemmation  (gemmiparous) 
from  a  sexless  worm  ;  in  other  words,  schizogamy  is  synonymous  with  meta- 
genesis. 
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develop  a  head,  but  as  a  rule  it  develops  a  head,  and  ia  then  known, 
according  to  the  characters  of  the  head,  as  the  Teira^eTia,  Chaefo- 
gyllis,  Syllis  arnica,  or  Joila. 

In  AiUolylTis  (Fig.  375,  ///)  the  process  is  still  more  complicated, 


I  (nfln  HalMquiD,  from  Farrie. 
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for  the  formation  of  the  new  segments  begins  before  the  two  parts  of 
the  worm  separate,  so  that  the  posterior  sexual  worm  acquires  its 
head  while  still  attached  to  its  sexless  nurse.  In  other  words  a  zone 
of  fission  is  formed,  and  this  zone  may  produce  not  only  the  head  of 
the  hinder  worm,  but  a  number  of  segments  which  become  marked 
out  into  a  series  of  zooids  in  which  genital  organs  eventually  appear. 
In  this  way  a  chain  of  sexual  zooids,  attached  to  the  asexual  "scolex" 
in  front,  is  formed;  the  zooids  are  all  of  the  same  sex,  and  the 
jx)8terior  of  them  is  the  oldest  and  most  developed  (Fig.  375,  /F,  F). 
The  male  zooids  differ  very  remarkably  from  the  female,  and  were 
formerly  relegated  to  a  distinct  genus  called  Polyhodrichus  (Fig.  374), 
the  female  being  known  as  Sacconei-eis  and  characterized  by  the 
possession  of  a  ventral  brood-sac.  In  this  case  we  have  a  combina- 
tion of  fission^  by  which  the  first -formed  zooid  is  formed,  and 
genwiaiion,  by  which  the  succeeding  worms  are  formed  from  the 
segments  successively  budded  off  at  the  zone  of  fission. 

In  Myrianida  a  very  similar  process  takes  place,  and  a  chain  of 
sexual  zooids  attached  to  an  anterior  sexless  zooid  is  formed ;  in  this 
case,  however,  there  is  no  fission,  but  gemmation  only  from  a  zone  of 
fission,  for  none  of  the  segments  of  the  original  worm,  except  the 
anal,  enter  into  the  constitution  of  the  first  formed  sexual  zooid; 
the  process  starts  with  the  formation,  in  the  genimiparous  zone 
between  the  penultimate  and  anal  segment,  of  new  segments,  which 
give  rise  successively  to  the  first  formed  and  all  subsequent  zooids 
of  the  chain.  In  this  case,  as  in  Auiolytus,  the  males  and  females 
are  never  formed  on  the  same  stock,  and  are  distinguished  as 
Polyhostrichus  and  Sacconereis  forms  (Fig.  376).  Moreover,  in  each 
zooid  there  is  a  region  in  which  new  segments  are  formed,  so  that 
the  posterior  and  oldest  zooid  of  the  chain  is  also  the  largest. 

Syllis  ramosa — a  form  obtained  by  the  "  Challenger  "  in  the  canal- 
system  of  an  Hexactinellid  sponge — possesses  the  peculiar  property 
of  forming  lateral  buds,  which  may  themselves  produce  buds  before 
separation :  in  this  manner  a  branched  colony  arises,  some  of  the 
individuals  of  which  develop  genital  organs,  and  probably  become 
free. 

Almost  all  Polychaets  are  marine,  but  a  few  fresh-water  forms 
are  known,  e.g,y  a  Nereis  and  Lumbrieo7ierei8  from  Trinidad  (Kennel), 
Manayunkia  in  N.  America  (Leidy).  A  few  are  parasitic,  e.g., 
Oligognathus  bonelliae  (one  of  the  Eunicidae)  in  the  body-cavity 
of  Bondlia ;  Labrorostrattis  parasttictiSy  another  Eunicid,  in  the 
body-cavity  of  Odontosyllis  ctenosiomatus ;  larvae  of  the  Alciopinae 
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in  the  Cydippidae.  Many  ore  commensals,  living  in  the  tubes 
of  other  worms,  and  in  the  ambulacral  grooves  of  stariishes;  this 
is  especially  common  witli  the  Folynoids.  A  few  are  pelagic,  e.g., 
Aleiopidae,  some 
Phyllodoeidae, 
Tomopteris,  Typh' 
losfol&x,  and  some 
sexual  Nereids 
and  SyUids  <Ue- 
teroncieids  and 
Heterosyllids).  A 
few  are  borere, 
e.g.,  Polydora 
ciliaia  in  chalk, 
limestone,  shells, 
etc.,  Sabella  saii- 
cava,  etc. 

The  majority 
are  littoml,  but 
they  are  found  at 
all  depths  to  3000 
fathoms.  They 
eitlier  live  freely, 
creeping  on  the 
bottom,  or  inhabit 
tubes.  The  tube 
is  formed  of 
mucus  which  in 
secreted     by    the 

shield,  or  other 
glands.  The  mu- 
cus    hardens     to 

form  the  tube,  which  may  be  strengthened  by  the  incorporation  of 
mud,  sand-jjraina,  or  pieces  of  shell,  which  are  actively  collected  for 
the  purjiosc  by  the  animal  itself.  In  the  Scrpulids  the  tube  is 
fortified  by  the  presence  of  calcareous  matter  secreted  by  the  animal 
Some  worms  are  phosphorescent,  e.ij.,  Ohaefo^fferus,  many  Poli/- 
noi'h,  Sytlvl*,  Tei-eMliilg,  etc.,  and  prolmbly  TomopterU  by  special 
organs  on  the  pnmpodia,  and  Pal i/ophthalmus  by  the  so-called 
segmental  eyes. 


L  Btoeli  of  Si/Ui,  nuion  (nniewlut  dliRimm- 
otb,  Itain  KDnKbcltandHeliler).  d  tutstiue 
roiigta  tliB  entire  stock.    The  itock  It  Injured 
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The  Polyfhaeia  are  found  fossil  from  the  Silurian  onwards. 

Deraloimieiit.  There  are  two  main  types  of  embryonic  develop- 
ment met  with  in  this  group.  In  one  of  them  the  ovum  is  small 
and  has  little  food-yolk,  tlie  gastrula  arises  by  invagination,  and  the 
blastopore  remains  open  as  the  mouth  (Eupomafui  uncinattu, 
Pomatoceroa  trigueter) ;  in  the  other  the  ovum  is  lai^er  and  has 
more  food-yolk,  the  gastrula  arises  by  epibole,  and  the  blastopore 
closes  {Pgygmobranehu*  prolengut.  Nereis  cidtrifera,  etc.).  In  all 
cases  hatching  takes  place  at  an  early  stage,  and  there  is  a  prolonged 
period  of  larval  life.  The  larva  has  the  trochoaphere  form,  which 
has  already  been  descrited  in  the  case  of  PolygoriHus  (p.  453),  or 
a  form  which  can  be  readily  reduced  to  that  of  the  trochosphere. 

The  trochosphere  of  the  marine  Chaetopods  presents  two  distinct 
types:  (1)  larvae  in  which  there  is  an  extremely  large  blastocoele, 
i.e.,  space  between  the  ectoderm  and  endoderm,  derived  from  the 


icfut  (after  Wllmi)      ■• 


segmentation  cavity  of  the  embryo;  (2)  larvae  in  which  there  is  no 
klastocoele,  the  ectoderm  and  endoderm  being  in  contact  except 
where  separated  by  the  larval  mesoderm 

Larvae  of  the  first  type,  in  all  cases  m  which  their  embryonic 
development  is  known,  proceed  from  embryos  nith  an  invaginate 
gastrulo,  i.e.,  from  embryos  which  develop  on  the  type  first 
described.  The  best  known  instances  of  this  Ian  al  type  are 
afforded  by  Eupomalus,  Poiiiatoceros,  and  PolyQordiue  (Fig    454) 

Li  like  maimer  larvae  of  the  second  type,  in  all  cases  in  which 
the  embryonic  development  is  known,  proceed  from  embryos  with 
an  epiboHc  gastrula.  As  instinces  of  this  larval  type,  the  larvae 
of    Paygniobranekus,  Nereie,    etc.,  described   by  Salensky,  may  be 
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mentioned.  The  larva  of  Lopadorhynehus  (Kleinenbetg)  is  of  (bii 
type,  but  ita  ea1>;- 
onic  developnuot  ii 
unfortim&telj  sot 
known. 

In   tb«   Imtm 

cilia  are  m^  difr 

^Wp    tributed    orar  tht 

whole     snrfMe    «f 

the  body  (AtncW 

Fig.    378).      Thij 

BK  usually  ooidMd 

to    special   lingn 

Sometimet,    as   in 

Loy^n's  lajm,  dxM 

is  one  tow  placed 

in     front     of     die 

L  o,i»rv«ofNmii.     mouth  at  some  di>- 

?  T"^  '.u  ""■     tance  from  tiie  •»- 

terior    end    of    the 

body  (e.g.,  larva  of  Polynoe,  etc.).     Sometimes  there  are  two  lOwa, 


b,  m»otn>ch>l  Um  of  CliarUtpitTtii ; 
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one  at  each  end  of  the  body,  conBtituting  a 
preoral  and  perianal  ring  {Telotroeha,  e.g., 
Spio,  Nephlhys  larva).  In  addition  to  theae 
two  rings  of  cilia,  incomplete  rings  may  also 
be  present  on  the  ventral  surface  (Qaslro- 
trocha),  or  both  ventrally  and  dorsallj 
{Amphitroeha).  In  other  cases  one  or  more 
rows  of  cilia  surround  the  middle  of  the 
body  {Mesotroeha),  while  the  terminal  rings 
(preoral  and  perianal)  are  absent,  e.g.,  Ckae- 
topterug  larvae  (Fig,  379),  Many  lar\ae  are 
provided  with  long  pro- 
visional setue,  which  are 
later  replaced  by  permanent 
Btnictures,  e.g.,  the  Milra- 
ria  larva  (Fig.  381),  and 
the  larva  of  Serine,  etc. 
In  some  cases  the  larvae 
have  true  mesoderm  seg- 
ments, each  of  which  is 
provided  with  a  ring  of 
cUia  (PtilytTorha,  Fig.  383). 
In  spite  of  their  great 
diversity  of  form  the  Cbae- 
lopod  larvae  can  in  their 
'™'^''  later  development  also  be 

reduced  to  the  type  of  the  larva  of  Loven  (larva  of  Pdlyijordin«, 

Fig.  454). 

Emneh  A.*    PHANEEOCEPHALA. 
Preatomium  free  awl  eu^posed,  generally  with  eye»,  tentacles,  ami 

paljMi.     The  (loify  segmenls  are  more  or  Ibm  alike. 

SubKtrder  1.  HEBEIDIFOBiaA. 
\Vith  \vel]-develo|>cd  tentacles  and  palps ;  the  peristomium  generally 
[wssesses  cirri.  Tlie  parapodia  are  weU-marked  locomotor  oi^ans, 
supported  by  aticula ;  they  carry  dorsal  and  ventral  cirri.  The 
setae  are  usually  jointed ;  uncini  arc  never  present.  There  is  an 
■cversible  buccal  region  and  a  muscular  pharynx,  which  is  usually 

*  Tlie  clssaiticatiuii  liere  adopted  ia  that  of  Dr.  W.  B.  Hpnliam  in  his 
aiiniirable  account  ul  tlie  Polycliaet*  in  the  Cambridge  Natural  Uitlory, 
Worms,  Rotifers,  and  Polyzcu.,  MacmiDsn  &  Co.,  London,  1866. 


n  Aginii,  ttta. 
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armed  with  chitinous  jaws  (Fig.  367).  The  septa  and  nephiidia  are 
regularly  repeated  througliout  the  body.  For  the  most  part  preda- 
ceous ;   a  few  form  tubes. 

Fam.   1.      SjUidaa.     Sm&ll   womu  with  elougHted,  Battcaed  body  i   head 

umallj  with  three  tentacles,  palps,  and  two  to  four  tentacular  cirri.  The  palpa 
are  often  fused  with  each  other,  or  with  the  prestomium,  Pampodia  with  a 
single  aetigeroua  branch  (neuropodium),  often  with  a  dorsal  and  Tentral  dirua; 
the  dorsal  cimia  always  appears  with  aexaal  niatarity.  Following  tlie  pharjni, 
which  lias  one  or  more  teeth,  is  a  special  gizzard  with  thick  mUBcnlar  walla. 
The  oeBophagiia  receives  in  many  genera  ■  pair  of  T-ahaped  diverticula.  Sexnil 
and  asexual  fonns  are  sometimes  found  in  the  same  species.  Many  cany  their 
eggs  about  till  the  young  are  hatched.  Syllis  Sav.,  tentacles  and  cirri  mooili- 
torm,  three  tentacles ;  OdmilonjUU  Clap. ;  Trj/panmyllu  Clap. ;  SphaeroigUit 
Clap.;  Orubra  Clap.;  SyUidea  Ocraled  ;  Paedi^ylax  CIp.;  AnopliitsUU  Clp.; 
SuaylUi  MIg. ; 
Fimosylli*  UIg.; 
PUroiyllit  Clp.  1 
Exogone  Oerst. 
AuMytMt  Gr., 
palps  small,  and 
fused    with    pre- 

;   A. 


:al    . 


Flo.  38-1.— The  two  Mxm  of  JiiMylui  pnlifiT.  J,  (niwle  curylng  Its 
ISC  ur  eyga  (SnmjBrmi  hrlgclnudica  MUller).  f,  m»le(Pcrfv)«Wnc*uj 
JluIVri  Kef.),  auitftiniei  b  nnt  pslrof  dorul  cirri;  cblfDiestnl 
palpsorthe  mile;  d  normsl  doml cirri ;  i tnedlsn  intanni oT msls  1 
/  teutaGolar  cLnl.    (FToiD  Perrler.} 


male  has  been 
described  sa  Foly- 
boalrichiu  mUeri 
Kef., the  femalema 
Satxoneteit  hrlgo- 
'a>uJici(Uull.{Fig. 
384)  ;  Frocerata 
Ehlers.  Myrian- 
ida  U.  Mv. ;  it. 
fasdala  M.  Edw., 
with  foliaceous 
cirri  (Fig,  376). 
TheiwsitionofA'n- 
n7iaO.Schm.(Wi- 
jardinia  Clapi)  is 
uncertaiu. 

Fam.  2.  Bpltaa- 
rodoridM.  Dorsal 
and  ventral  cirri 
spherical.  Sj^iu- 
rodoruin  Ocrat. 
(Z'oIiietfaJohnsL)' 
Ephaia  Katbke. 


1.3.  ] 


Body 


—UaliiM  tplaidida  Sav.  (IUgn«  Anliiul). 
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short,  with  only  a  few  segmenta ;   preBtomium  with  4  eyea,  2  or  3  tentacles, 

and  (tenerally  with  jointed  palps ;  pfristomium  and  2  or  3  folloning  segtnenta 

achactOQt,  with  long  tentacnUr  cirri.     Farapodiam  usually  uniramous,  or,  if 

biramoiu,  notopodium  sraall,  dorsal  cirri  long  and  multi^articalate.     Eversible 

region  short,  pharym  long,  auanned ;  two  diverticula  behind  pharynx  often 
conlAining  air  (air-bladders*). 
Aoal  segment  with  two  cirri, 
and  often  with  reduced  pani- 
podU.  Btsiont  3av.  (Fig. 
385);  H.  aieula,  D.  Ch., 
Hed.  ;  Paamathe  Johnst.  : 
Tj/rrhena  Clp. ;  Telamone 
Clp. ;  Slephania  Clp.  (Ophio- 
dromm  Sara) ;  Dalhousia 
H'IqL  ;    Sattaeoria    M'InL  ; 

Xagalia  Mar.  and  Bob.;   Oxydromvt  Gr.;  Kefer^inia  Qtf. 
Fam.   1.     AphroditidM.     With  broad   scales  (elytra,  i.e.,  flattened  dorsal 

cirri)  on  the  notopodia ;  these  are  unially  placed  on  alternate  segmeuta,  often 

only  on   the   &nteiior   part  of   the 

body.     Prestomium  with  eyes,  with 

one  unpaired  and  usnally  tno  lateral 

tentacles,   to  which  may  be  added 

two  palps.     Facial  tubercle   n  front 

of  mouth.      Pharynx   thick  wa  led 

with  two  upper  and  two  lowe   jans 

The   intestine   is   provided     v  th   a 

Dumber  of  paired  caeca.     Very  com 

monly    as     epiparasites    on     other 

animals,  e.g.,   Malmgrenia  ciutanea 

H'Int,  in  the  mouth  of  Spalangvi 

pvrpureiis ;      Hermadioa     ninmiJe 

M'Int.,     round    the    peristome    of 

EAinaa       exuleitlua,       Haltaydria 

Bairdi  between  tlie  mantle  and  foot 

of  FiiauTcUit  cmtiiia ;  AcKaloe  aiCen 

cola  Clp.  in  the  amubulacra  of  Aal  a 

ptden,   Polijnoe  cirrala   in   those   of 

Spatatigut  >pitn»itrimiu,  Strmadum 

echini  in  those  of  Behinta  tphae  a 

Bvanu  peiUacla  Giard  on  the  body 

of  Cveumaria  pentaelai ;  or  as  com 

mensals  with   other  Annel  ds    eg 

Lagitca   tzlenuala   in   the   tu  le   of 

Srrpula     vermicalarit,     Harmothoe 

tnaeUodi  in   the   tube  of   Te   bel  a 

eonehiUgu,  Polynoe  Kolopei  dnna   n 

the  tubes  of  Terebellids,  Mannolhoe 

Mnlmgreni,  and   Nychia  c  rroaa    n 

the  tubes  of    ChaetopUrui   iangnis 

{1  variopedatm). 

*  H.  Eisig,  Mil.  a.  <l.  ZooL  SCat.  yeapel,  2,  p.  255. 


.—ApliraUU 


'8  ANNBLtDA. 

Sub-ram.  1.  EsniiiniiBM.  Body  tboit,  onl;  notopodUl  wtw  dincM 
upwards  and  bickwardB  to  protect  the  eljtra.  Pmtoniium  with  mediut 
tentacle  &nd  two  long  pdpe,  without  lateral  tentacles.  Periitomiuin 
■etigerous  with  long  cirri.  Elytra  on  segments  2,  i.  6,  7,  S,  etc.,  up  to  !S, 
tlien  on  every  tliird  Mguient.  Jaws  not  hardened.  Aphrodite  L.  (Fig.  3SS), 
the  back  and  elytra  are  covered  by  a  felttrork  nt 
:''''',.  chitinouB  threads  arising  from  the  notopodium.    A. 

aeiUnUa  L.,  the  sea-moDse  (Hyilrix  marina  Rnii),  the 
strong  notopodial  setae  are  iridesoelit,  Atlantic  and 
Med.;  Sermione  Blainv.  (XtM^numtee  Kinb,).  dorsal 
roltworlc  abaant ;  Pontcgaiia  Clp. 

Sub-ram.   2.     Polynoiiuw.     Elytra   as  in   Eermio- 

ninae  ;  two  lateral  frontal  tentaclee,  with  or  without 

facial  tubercle  ;    peristomium   with   long  drasal  snd 

ventral  cirri,  and  the  ventra]  cirri  of  the  next  segment 

elongated.    Large  teeth  on  the  pharyni.    Folynee  Sir. 

(Fig.  3S7),  with  three  tentacles,  posterior  region  often 

without  elytm ;  P,  KOlvptndrina  Sav. ;  P.  {Harmd^) 

areotata  Gc,  in  the  tubes  of  ChatU^iUnu  and  TVreirHn 

mbutoaa ;  Iphioiu  Einb. ,  two  tentacles  ;   ZgndmnCiu 

Leach  ;    Halosydna  Sara  ;    LtpidatUunia  Hgr. ;  hffii- 

davielTia  Wel.3.;  NyAia  Mgr.;  Dati/lepU  Mgr.;  Bar- 

mothoe  Kbg. ;  Ltueia  Mgr. ;  Lagixa  Hgr. ;  HtrmadioK 

3.  M7.— Pstyiuc  arioxi-      Rbg.;    Bnipo  Mgr.;    Mitotni*  Ugr.;    Bglgia  Theeh 

iJiMaav.(RigneAniin.l).      Acholot  Clp.;  Ualmgnnia  Molnt.:  Eupotynot  MolnL; 

Falyswnoa  Mclnt.;  AllmanUlla  Mclnt. 

Sub-fam.  3.   AaoetinM.   Long  vermi form  body.   The  elytriferous  segnienta 

alternate  regularly  with  segments  bearing  dorsal  cirri  throughout  the  body. 

Witli   two  pedunculated  eyes,  without  facial  tubercle.     Three  tcntaclea. 

AcBtiaH.-Wiv.;  Buporape Kiub.;  PolyodonUtiLtUiet \  PanthalWEinW 


—F^tllodc 


(R*gne  Antin. 


Sub-fam.  4.  Sigalioniiiae.  Long  vermiform  bodj-.  Elytra  anteriorly 
on  alternate  segments,  posteriorly  on  all  the  segmonla  with  or  without 
gills.  ^Vithout  facial  tuliercte.  Sigaiimt  And.  and  Edw. ;  Slhatclain  Kinb, : 
faaiiimolyce  Kinb.;  Thaieiutsa  Baird  ;  Leanira  Kinb.;  Pholoe  Johnst. 

Sub-fam.   5.     PolyleptiUM.     Elytra  on   alt   segments,   no   dorsal   cirri. 
Lepidopleums  CXiji.  i  Pflogenia  Scbm, 
Fam.  5.     Fftlayridae.    No  elytra  ;  strong  setae  disposed  in  a  fan-Hko  manner 
arise  from  alt  the  iiarapodia  dorsal  to  the  dorsal  cirrus.     ChryxipetaUim  EhL; 
Palmyra  Sav. 
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Fam.  S.  PhyllvdiMidM.  Body  elongated,  with  nunieroas  tegmenta ;  preato- 
miam  rounded  with  4  or  G  tentacles ;  periBtomium  with  4  tentacular  nm ;  th« 
cini  of  the  parapodia  are  foliaoeona. 

Suh-fam.   1.    FhrUodoainM.    With  sm«ll  eyes.     Phyllodoct  Sav.  (Fig, 

S8S),  with  4  tentarlea ;  Ealaiia  Sav.,  with  6  tentacles :  Steme  Sav. ;  A3viit(t 

Ugr.;  OenOAyllis  ligr.;  Myatida  Th^l ;  Nolophyllum  Oent;  Laeydonia 

Har.  and  Bob. 
Snb-fam.  2.     Lop4datlt7nahiiiaB.    Small  transparent  pelagic  forms  with 

small  eyas  ;  intermediate  between  Phyllodocinat  and  Aidvpinae.    Lopado- 

ThyiKhiaOr.;  Hydropluaiet  C\j\.;  Pelagotia  Gr(. 

fiub-fam.  3.     Aloiojllnaa.*    Transparent,  peUgic  wonna  with  one  pair  of 

large  hemispherical  projecting  eyes  (Fig.  389).     There  are  long  peristomial 

eini  and  G  preatomiol  tentoclea.     Found 

in  moat  ooeans,   but  rare  in  the  North 

Sea.    The  larvae  are   in   part   parasitic 

in  Cydippidae,     A Itiepa  And.  and  Edw.; 

Aldopina  Clp.  and  Pane;  AiUrope  Cip.; 

faaadia  Clp.  (Fig.  389) ;  Halodora  Gr£; 

Qretfa  [ffauphaitla)  M'Int. ;     Callizona 

Orf. ;  ^ynchim*reelln,  A.  Coeta. 
Fam.  7.  Tamopt«rida«.t  Trsnapareat, 
pelagic  forma,  witli  two  eyes,  bifid  presto- 
minm  (the  lobes  of  the  prestomium  may 
be  tentaclea  ;  their  cavity  \»  continnoua  with 
the  body-oavitj),  and  four  tentacular  cirri, 
of  which  the  posterior  are  much  the  longeat 
and  contain  one  seta,  while  the  anterior  ^ 
contain  two  setae.  The  mouth  ia  with- 
out proboscis  and  jaws.  The  parapodia  are 
large,   biramoua,   and   without   setae ;    each 

branch  contains  a  yellow  roeette-shaped  organ,  probably  photogenic.    Tomcplnit 
Eachach.  (Fig.  300). 

Fani.  8.  Hereidie  ILyanidae],  Bad;  elongated,  with  many  segments.  Pre- 
Rtominm  with  two  tentacles,  two  palpe  and  four  eyes ;  peristomiura  with  four 
pairs  of  tentacular  cirri.  Parapodia  uni-  or  birsinioua  nith  dorsal  and  ventral  cirri 
and  composite  setae.  Proboscis  usually  with  spines,  and  always  with  two  jaws. 
Nereia  L.;  N.  diveraieoior  Mull.,  burrows  in  mud  and  saud,  Qeshy  red  colour; 
y.  cullri/era  Gr.,  greenish  grey,  with  small  rectangular  light  spots  along  the 
dorsal  surface  ;  6  inches.  If.  duvteriiii  Aud.  and  Edw.  (Figs.  391,  392),  reddish 
violet  with  darker  transverse  lines  in  each  segment ;  peristomial  cirri  very  long. 
N.  ptlagita  L.,  bronie,  large,  widest  in  middle  of  body,  hack  arched,  on  rocky 
groand.  S.  [Nerfitepas]  Jueata  Sav.,  lives  on  whelk  shells.  N.  {Alitta)  viren* 
Sars — the  creeper — may  reach  length  of  18  inches,  burrows  in  clay,  etc,  para- 
podia with  large  folioceous  lobes.     Lyautit  Sav. ;  Dendrgntrrit  Peters. 

Fam.  9.  BepktliydidM.  Body  elongated,  quadranguUr  in  section  with  flat 
dorsal  and  ventral  surfaces.  Prestomium  tnconspicuous,  with  2  or  4  smalt 
tentacles.  Peristomium  with  reduced  parapodia  bearing  setae  and  two  tentacular 
cirri.  Parapodia  biramons ;  the  two  branches  are  widely  aeparated,  and  each 
is  fringed  with  a  membrane.     The  notopodium  lias  a  curved  gill  on  its  under 
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side,  and  a  small  cirrus.  The  nenropodium  has  a  ventral  cirms.  Pharynx 
large,  with  papillae  and  two  small  jaws.  Nephthys  Cut.  ;  N.  hombergii  Aud. 
and  £dw.,  burrows  in  the  sand  near  the  shore  to  20  fathoms  ;  PorUllia  Qtg. 

Fam.  10.    Amphinomidae.    Body  vermiform  or  oval  and  flattened,  with  a 
small  number  of  segments.     The  mouth  is  shifted  backwards  and  surrounded 
by  several  similarly -built  segments.     The  prestomium  is  indistinct,  or  repre- 
sented  dorsally  by  a   sense-organ — the  caruncle — which  extends  over  several 
segments.     Usually  three  tentacles,  two  palps,  and  one  or  two  pairs  of  eyes. 
Proboscis  well-developed,  without  teeth.     Para])odia  biramous,  with  dorsal  and 
ventral  cirri,  and  dorsal  branchiae.  Most  of  the  species  are  tropical.   Euphroayne 
foUosa  Aud.  and  Edw.,  and  Eurythoe  horealis  Oerst.,  are  found  in  the  British  area. 
Sub-fam.  1.    Amphinominae.    With  caruncle  ;  with  2  branchiae  on  each 
segment.     Amphinoma  Brug.  {Pleione  Sav.) ;  Hermodiee  Kinb. ;  Eurythoe 
Kinb. ;  Notopygos  Gr. ;  Chloda  Sav. 

Sub-fam.  2.     Enphroiyninao.    With  caruncle  ;  with  numerous  branchiae 
on  each  segment.    Euphrosync  Sav. 

Sub-fam.  3.    Hipponinae.    Without  caruncle.    Hipponoa  Aud.  and  Ed^.; 
Spinther  Johnst. ;  Aristenia  Sav. 


Fio.  390.—T(yMojaeri8  rolasi  Greeff  (aft«r  Greeff). 


Fam.  11.  Staurooephalidae.  Prestomium  with  two  dorsal  jointed  tentacles, 
and  two  inferior  lateral  tentacles  (?  palps).  The  two  first  segments  without 
appendages.  Parapodia  biramous,  with  two  kinds  of  setae.  Without  branchiae. 
SUiurocephalus  Gr.  {Anisoceras  Gr. ;  Prionognathxis  Kef. ) ;  Paractius  Lev. 

Fam.  12.  Lysaretidae.  Prestomium  with  three  tentacles  and  four  eyes. 
The  two  first  segments  without  appendages.  Parapodia  uniramous  with  one 
kind  of  seta.  Dorsal  cirri  foliaceous,  branchial.  Halla  Costa  ;  Lysarete  Kinb.: 
Danyniene  Kinb. 

Fam.  13.  Lumbriconereidae.  Without  ])ranchiae,  without  or  with  reduced 
cirri,  and  without  tentacles.     The  two  first  segments  without  appendages. 
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Arabella  Gr. ;  Zan^ncanereit  Or.  preBtomium  conical  without  tentaclea  ftod 
palps  ;  JMIonereit  CIp. ;  NotoeijTus  Sohm. ;  Laranda  Kiub. ;  (^hryUnAa 
Clp.  and  Ueczn.,  with  sfgrnental  ciliated  rings. 

Fam.  14.  Budeldac.  Elongatedbody,  with  numerous  segnienbi.  Prestomiuln 
distinct  and  projecting,  with  3  or  6  tentsclea,  or  with  6  tentacUe  and  2  palpa, 
or  without  appendages ;  nsuallj  with  eyes.  The  first  (jieristomium)  or  the 
two  firat  segments  without  parapodia,  bat  they  may  hare  cirri.  In  Evniet 
and  DiBpaira  the  aeoonrt  segment  has  a  dorsa!  cirrus — the  nuchal  oirras. 
I^lrapoditl  iiiiiramouB,  rarely  biranious,  with  ventral  cirri  and  branchiae  (the 
so-called  dorail  cimii  contains  an  acicuttuii,  and  is  the  reduced  notopodinm). 
Usually  4  cirri  below  the  anus.  An  upper  jaw  formed  or  several  pieces, 
and  a  lower  jaw  of  2  UnielUe  are  placed  in  a  pocket  attached  below  the  oeso- 
phagus (Fig.  393).     In  most  gonent  there  are  parchment-like  tubes.    Diopatra 


ClsparMe).    O  eyt» ; 


Aud.  and  Edw. ;  Kuaiee  Cuv.,  5  tentaclea,  2  palps,  and  2  nuchal  cirri; 
Marphym  Qtf.,  like  Eutiice,  but  without  nuchal  cirri;  Byalinocda  Malmg., 
5  tentacles,  2  t'^lps.  2  frontal  palps,  no  nuchal  cirri ;  Onuphia  Aud.  and  Edw. ; 
SKidum  Kinb. ;  ifncduffia  Mclnt. ;  Lyiidite  8av,,  3  tentacles,  2  palps,  no 
gills :  Ncmaloaertis  Schmarda,  one  tentacle  ;  Falola  Gray,  3  tentacles.  A 
species  of  this  worm  lives  in  Gssures  in  the  coral-reefs  of  oertoin  parts  of 
the  Paciflc  (Samoa,  Fiji].  Twice  in  every  year— once  in  Octolier  and  once 
in  November — these  wonns  swarm  out  to  the  surface  of  the  sea  in  enoroiona 
anmbers  to  spawn,  and  are  caught  by  the  natives  for  fcxid.  In  each  of 
these  niotitlia  the  worms  appear  on  two  successive  days,  viz.,  at  dawn  on 
the  day  on  which  the  mooti  is  in  her  lust  i|uarler  and  at  dawn  on  the  day 
before  {vidt  S.  J.  Whitnie«,  "  On  the  habits  of  /WoJa  viridis,"  Proe.  Zo^.  S<k., 
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1875,  p.  496,  and  A.  Ck)l]m,  "  Bemerk.  iib.  d.  essbaren  Palolownrm,*'  in 
Appendix  to  Kramer's  work  on  the  Coral-reefs  of  Samoa,  Kiel  and  Leipzig,  1897, 
Lipsius  and  Fischer). 

Fam.  15.  Olyoeridae.  Body  elongated,  with  nomenms  segments.  Pre- 
stomium  is  long,  conical,  annulated,  and  carries  at  its  apex  four  small  tentacles, 
at  its  base  two  palps.  The  pharynx  can  be  protruded  to  a  great  length,  and  is 
provided  with  four,  or  several,  strong  teeth.     Parapodia  of  first  two  segments 


Fio.  892.  —  Parapodium  of  NerrU  (after  Quatre- 
fliges).  DP  notopodium ;  VP  neuropodium, 
with  bundles  of  setae ;  Ac  acieoluni ;  Be  dorsal 
cirrus ;  Be  yentral  drnis. 


Fig.  393.— Pharyngeal  apparatus  of 
Eunice  in  a  retracted  condition. 
g  brain;  vd  oesophagus;  pk 
pharynx;  pkt  pharyngeal  pocket; 
k  Jaws;  mh  buccal  cavity;  m 
mouth ;  r  dorsal,  6  ventral  surfkoe. 
(After  Lang.) 


incomplete,  without  tentacular  cirri,  uni-  or  biramous.  Two  anal  cirri.  Special 
retractile  gills  are  present.  The  corpuscles  of  the  coelomic  fluid  are  coloured 
red  with  haemoglobin,  and  there  are  said  to  be  no  blood-vessels.  Glycera  Sav., 
parapodia  all  alike ;  G.  giganiea  Qfg.,  and  O,  capitata  Oerst,  under  stones  and 
in  sand,  English  Channel ;  Hemipodua  Qfg. ;  Ooniada  Aud.  and  Edw.,  anterior 
and  posterior  parapodia  not  alike. 


Fio.  Z9\.— Glycera  Mecktlii  Aud.  and  Edw.  (R^gne  Animal),  with  everted  pharynx. 

Fam.  16.  Arioiidae.  Numerous  segments.  Prestomium  without  tentacles, 
or  with  small  tentacles,  or  with  tentacular  cirri.  Peristomium  with  setigerous 
tubercles.  Pharynx  short,  unarmed,  slightly  or  non -retractile.  Parapodia 
short,  biramous.  lu  all  but  the  iirst  few  segments  the  parapodia  are  somewhat 
dorsally  placed.  Burrow  in  sand.  Aricia  Sav. ;  Theodisca  F.  Miill. ;  ScoUrpiot 
Blainv. ;  Sc,  armiger  MuU.,  is  common  on  our  coast,  length  one  inch,  red  giUs ; 
Aricidca  Webs. 

Fam.  17.  Typhlosoolecidae.*  Pelagic  forms  of  uncertain  a£Snities.  Typhlo- 
acolex  Busch  ;  Sagitella  Wag. ;  Travisiopsis  Lev. 


Reibisch,  Phyllodoeiden  u.  Typhloscoleeidtn  d.  Plankton  Expedition,  1895. 
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SulM)rder  2.     SPIONIFOBMIA. 

Without  tentacles  or  palps ;  the  peristomium  usually  carries  a  pair 
of  long  tentacular  cirri,  and  extends  forwards  at  the  sides  of  the 
prestomium.  The  parapodia  project  but  slightly;  the  dorsal  cirri 
may  attain  a  considerable  size,  and  act  as  gills  throughout  the  greater 
part  of  the  body.  The  setae  are  unjointed ;  uncini  are  present  only 
in  Chaetopterug. 

The  body  may  present  two  regions  more  or  less  distinctly  marked 
externally,  but  without  corresponding  internal  differences. 

The  buccal  region  may  be  eversible,  but  there  are  no  jaws.  Septa 
and  nephridia  are  regularly  developed.  The  worms  burrow  or  are 
tubiculous. 


Fig.  896. — Chaetopterus  pergamentaceiu  Cuv.  =  variopedatus  Ren. 
(Rigne  Animal),  in  its  tube,  which  is  partly  laid  open. 


Fam.  1.  Bpionidae.  Prestomium  small,  without  tentacles  or  palps,  though 
sometimes  with  tentaculiform  projections,  usually  with  small  eyes.  Peristomium 
extends  forward  on  each  side  of  the  prestomium,  and  l)ears  two  long  tentacular 
cirri.  Parapodia  generally  biramous,  with  simple  setae.  The  notopodial  cirri 
are  long,  finger-shaped,  and  ciliated,  and  function  as  gills.  There  are  no  ventral 
cirri.  The  buccal  region  is  eversible.  They  burrow  in  mud  and  sand.  The 
females  lay  their  eggs  in  the  tubes.  Polydora  Dose.  {Leucodore  Johnst).  Pre- 
stomium with  two  tentaculiform  projections.  The  5th  setigerous  segment  is 
enlarged,  and  bears  specially  strong  setae  arranged  in  a  comb-like  manner. 
P.  eiliata  Johnst.,  in  soft  mud  tubes  in  U-shaped  galleries  in  stones  and 
shells ;  length  ^-inch  ;  40  segments  ;  anus  surrounde^l  by  incomplete  funnel ; 
world-wide ;  P.  eoeca  Oerst.  Spio  Fabr.,  S.  seticomis  Fabr.,  Greenland  and 
Scandinavia  ;  PrUmospio  MIg. ;  SeoUcolepis  Blainv. ;  Nerine  Johnst ;  N,  vulgaris 
Johnst,  under  stones  and  on  seaweed,  3  or  4  inches  long,  N.  Atlantic. 

Fam.  2.  CliaetopteTidae.*  Body  divided  into  two  or  three  unequal  regions. 
Prestomium  small,  often  with  eye-spots.  Peristomium  prolonged  round  the 
mouth  in  a  funnel-like  manner,  and  bearing  two  or  four  tentacular  cirri.  The 
fourth  segment  behind  the  peristomium  with  specially  strong  setae  as  in  Poly- 
dora,    Neuropodia  bifid  in  the  posterior  region,  and  sometimes  in  the  middle 

*  Joyeox-Laffuie,  Arch.  Zool.  Exp.,  (2),  8,  1890,  p.  244. 
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region.  Notopodia  of  the  middle  region  in  the  form  of  fins,  often  lobed.  They 
inhabit  U-shaped  |)arc1iment-]ike  tubes,  the  two  ends  of  which  are  placed  at 
some  distance  from  each  other,  and  project  above  the  sand.  The  skin  of  the 
worm  is  soft  and  delicate.  The  larvae  are  mesotrochal.  Telepsavus  G.  Costa, 
two  long  tentacular  cirri ;  body  divided  into  two  regions ;  Spiochaetopterus  San ; 
Phyllochaetopterus  Gr.,  two  pairs  of  tentacular  cirri ;  body  divided  into  three 
regions.  Chaetopierus  Guv.  (Fig.  395),  two  tentacular  cirri.  Body  divided  into 
three  regions.  Phosphorescent.  Ch,  variopedatus  Ren.,  Channel  Islands,  English 
coast,  etc. ,  anterior  region  with  9  pairs*  of  setigerous  conical  parapodia ;  middle 
region  of  5  segments,  of  which  the  first  carries  two  large  wing-like  processes 
directed  forwards  (notopodia),  the  second  carries  a  dorsal  and  ventral  sucker 
(modified  parapodia),  the  third,  fourth,  and  fifth  a  membranous  fin-like  noto- 
podium  — the  fans,  and  a  ventral  bilobed  neuropodium ;  the  posterior  region 
consists  of  from  25  to  85  less  modified,  similar  segments,  with  notopodium  and 
bilobed  neuropodium. 

Fam.  3.  Magelonidae.f  Body  divisible  into  two  regions  by  differences  in  the 
setae.  Prestomium  large  and  flat,  two  long  peristomial  cirri.  lArge  eversible 
buccal  region,  blood  of  madder-pink  colour  when  oxygenated,  and  colourless 
when  deoxidized  {haeiaerythrin,  found  also  in  Sipunculua) ;  the  colouring  matter 
being  contained  in  globules  which  float  in  the  colourless  plasma  ;  isolated  nuclei 
are  also  found  in  the  plasma.  Live  buried  in  sand.  Sole  genus,  Magdona 
F.  Mull. 

Fam.  4.  The  Ammooharidae  may  be  placed  here.  They  live  in  sandy  tube^, 
and  the  mouth  is  surrounded,  except  ventrally,  by  a  membrane,  which  is  frayed 
out  marginally  into  filaments,  and  is  probably  an  appendage  of  the  peristomium. 
The  anterior  segments  longer  than  the  hinder  ones.    Sole  genus  Owenia  D.  Ch. 


Sub-order  3.     TEBEBELLIFOBMIA. 

The  prestomium  is  a  more  or  less  prominent  lobe  (upper  lip)  with 
or  without  tentacles,  but  without  palps.  The  peristomium  may 
carry  cirri  or  tentacular  filaments.  The  parapodia  are  feebly  de- 
veloped; there  are  no  ventral  cirri;  the  dorsal  cirri  may  exist  and 
function  as  gills  on  some  of  the  segments.  The  setae  are  unjointed, 
and  uncini  are  usually  present.  The  buccal  region  is  not  eversible, 
and  there  are  no  jaws.  The  septa  are  usually  incomplete,  with  the 
exception  of  one  strongly-developed  diaphragm  anteriorly.  The 
nephridia  are  dimorphic,  those  of  the  prediaphragmatic  segments 
being  of  large  size  and  excretory,  while  the  posterior  nephridia  are 
mere  funnels  which  serve  as  generative  ducts.  They  are  burrowers 
or  tube-fonners,  and  in  the  majority  the  tube-forming  glands  are 
grouped  on  the  ventral  surface  of  the  anterior  segments,  where 
tliey  fonn  (jland-shieUh. 

*  The  number  is  variable ;  si)ecimens  have  been  found  with  12,  or  with  9  on 
one  side  and  8  on  the  other. 

t  W.  B.  Benham,  Q.  J.  M,  S.,  39,  1896,  p.  1. 
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Fun.  1.  CiiratoIidM.  Cylindrical  body  pointed  at  both  ends,  Preatamiuiii 
elongated,  conical,  without  tentacles,  or  with  two  tectaclea  {tentacular  cirri, 
Grabe).  Parapodia  small,  with  eimple  tette.  On  some  of  the  segments  the 
doiBal  cirri  are  long  and  lilanicntoiia,  and  fuuctioD  as  gills.  A  single  pair  of 
anterior  uepbridia ;  the  septa  and  genital  ducta  are  repoated  through  the  hinder 
part  or  the  body.  Inhabit  burrows.  OirnUuliu  Lun. ;  Atidouinia  ^fg.;  Cbado- 
smu  Malmg. ;  Dodeeactraai  (Dodecateria)  Oerat. ;  Etkattraliranchia  F.  Buchanan. 

Fam.  2.  TerebelUdas.  Body  vermirorm  and  thicker  anteriorly.  The 
tluDner  posterior  por- 
tion is  sometitDee  dis- 
tinctly muked  oH  as 
an  appendage  devoid  of 
setae  The  preatoroiam 
u  h  ch  a  md  stinctly 
separated  from  the 
peruttoniiam  forma  an 
upper  Up  and  carnes 
uuinerons  fil  form  ten 
tades   arranged   in   a 

ba  e    four   eye   spots 

There  are  pect  nate  or 

bran  hed     ra  ely   fiU 

D  entous   gills  on  one 

to   three   of   the    an 

tenor  segments ;   they 

contain     a    prolonga- 
tion   of    the    coelom. 

Dorsal       prominences 

(notopodia )  with  aim  pie 

setae,      and      ventral 

transverse  ridges  (neu- 

ropodia}  with   hooked 

setae.      One   to   three 

pairsof  large  nephridia. 

From  three  to  twelve 

]«irs  of  email  nephridia 

(gen.  ducts)  behind  the 

diaphragm.  Tubi-    F 

colons,  tube  formed  of 

foreign  bodies. 

Sub-fam.  1.  Antphitrltlnas  Almost  always  with  gill  a ;  cephalic  lobe 
abort,  witli  numerous  tintacles  AmphitnU  O  F  Mull.,  aimiile  setae  in 
anterior  region  only,  3  pairs  of  gills  of  uearly  tl  e  same  sb.e,  no  eyes ; 
A.  Johnatoni  Mlnig,  Teribella  L  (Fig  396)  distinguished  Ijy  the  small 
size  of  the  posterior  of  tlie  three  pajra  of  1  rancl  lae  T.  (lanue)  eoiuJiiUga 
Pall.,  Knglish  coafitj  AicoUa  Mlmg  t»o  pairs  of  equal  gills;  Ifetero- 
terebeUa  (Jtf-;  Thtlepia  LtHck  (md  Betcrophaiaaa  Qtf.,  Fkeitacia  Qtf., 
UtoUis  Mlmg.,  etc.),  fihfirm  gills  in  two  segments;  EiiOirltpus  Uclnt.; 
Ltaena  Mlmg.;  Lanaaaa  Mlmg  Luiiua  Mlmg  Piala  Mlmg-;  J^icolta 
Mlmg. 
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Sub-fam.  2.    Polyeirriiiae.    AVithout  branchiae.    The  prestominm  forms 

a  large  upper  lip,  and  gives  origin  to  many  long  tentacles.     Polyeirrus  Gr. 

(including  Leucariste  Mlmg. ;    Ereutho  Mlmg.);    -P*   auraiUiacut^  bright 

red,  with  orange  tentacles. 

Malmgren  distinguishes  3  other  sub-families,  Artam^eeae,  TriehobranehidM* 

Canephoridae  (TereMlides,  Sars.). 

Fam.  3.  Ampharetidae.  Body  formed  of  two  regions,  of  which  the  anterior 
is  broad  and  bears  simple  setae  and  hooks,  while  the  posterior  part  is  narrow 
and  has  only  hooks.  Numerous  filiform  tentacles  spring  from  the  prestominm. 
The  peristomium  forms  a  kind  of  lower  lip.  Four  filiform  branchiae  are  placed 
on  each  side  of  the  anterior  segments,  and  in  front  of  them  are  some  strong 
setae.  Inhabit  tubes  in  mud.  Ampharete  Mlmg. ;  Amphieteis  Gr.  {Lysippe, 
Sosane  Mlmg.) ;  Sabellides  Gr. ;  Meliniia  Mlmg. ;  Afelinnapsis,  Mclnt ;  PhylU- 
conius  Gr. ;  Grubianella  Mclnt. ;  Samythopsis  Mclnt ;  Etuamytha  Mclnt. 

Fam.  4.  Amphiotenidae.  Distinguished  from  Terebellidae  mainly  by  the 
presence  of  tentacles  disposed  in  two  bundles  on  the  buccal  ring,  of  two  pain 
of  tentacular  cirri  and  of  pectinated  branchiae  on  the  second  and  third 
segments.  The  anterior  end  bears  two  rows  of  golden  setae,  which  act  as  an 
operculum  to  the  tube.  The  tubes  are  straight  or  slightly  curved,  and  composed 
of  small  grains  of  sand.    Pectinaria  Lam. ;  AmphicUne  Sav. ;  Petla  Mlmg. 


Sub-order  4.     OAPITELLIFOBMIA. 

Blood-red  worms,  with  a  conical  prestomium.  Without  prestomial 
processes,  but  >vith  a  pair  of  large  retractile  ciliated  organs.  The 
segment  next  the  prestomium  is  without  setae  or  cirri.  The  parapodia 
do  not  project;  the^  setae  are  unjointed,  and  are  hair-like  in  the 
anterior  segments,  and  hooked  posteriorly.  This  external  di\^on 
of  the  body  does  not  correspond  with  internal  differences.  There  are 
no  cirri,  though  8|)ecial,  sometimes  retractile,  gills  are  frequently 
present.  The  buccal  region  is  eversible ;  there  is  no  armed  pharynx. 
A  pair  of  j)rominences  with  sensory  hairs,  placed  one  on  each  side, 
in  most  segments.  The  nephridia  are  small,  and  sometimes  more 
than  one  pair  in  a  segment ;  special  genital  funnels  exist  in  more  or 
fewer  of  the  anterior  segments  of  the  hind  body.  There  are  no 
blood-vessels;  the  coelomic  corpuscles  are  red.  The  larvae  are 
telotrochous,  and  are  ciliated  on  the  ventral  surface.  They  are 
burrowers. 

Faui.  Capitellidae,*  with  characters  of  sub-order.  CapiUlla  Blainv. ;  (7. 
capitata  v.  Ben.,  North  Sea,  etc.:  Notoma^us  Sars;  Dasybranchus  Grube; 
Mastobraiichus  Eisig  ;  Capiiojnastus  Eisig. 

♦  H.  Eisig,  "Die  CapitcUiden,"  Fauna  and  Flora  d.  G,  v,  Neapel,  xvi.,  1887. 


BCOLBOIPORMIA. 

Suborders.    SOOLEOIFOBMIA. 

With  a  prestomiiiin  which  rarely 
{Chiorhaemiilae)  carries  sensory  pro- 
cesses ;  the  periatomium  is  without 
cirri  (except  periiaps  in  the  Chlor- 
haemidae).  The  parapodia  are  re- 
duced, and  may  be  absent ;  doTsal 
cirri  (acting  as  gills)  are  rarely 
present ;  ventral  cirri  are  absent. 
Setae  unjointed ;  uncini  are  not 
present.  Buccal  region  eversible — 
without  armed  pharj-nx.  The  septa 
are  not  develo])ed  regularly ;  the 
nephridia,  winch  are  all  alike,  are 
considerably  reduced  in  number,  it 
may  be  to  a  single  pair  {Sfemaepidae 
and  some  Ohlorhaemidae).  Mostly 
burroweta. 


This  is  the  most  uiustiifactoiy  of 
Benhttm'B  sub-orders.  Ite  merit  is  that 
it  comprisea  a  number  of  families  which 
cannot  be  |ilaceit  with  any  of  the  other 
sub-ordere. 

Vaxa.  1.  OphaUidM.  Short  nomie ; 
prestomium  coniual,  without  appendages, 
but  with  two  ciliated  pitti,  Parapodia 
reduced,  with  simple  set&e  in  two  groups. 
Dorsal  cirri  acting  la  gilU,  or  reduced, 
naiull;  present.  They  live  in  the  sand. 
Ophelia  Sat.  ;  AmnuATypanc  Ratbke ; 
Traviria  Joliost. ;  Arma-ndia  Fil.;  Poly- 
opkAalmus  Qtf.,  without  gilts,  eye. like 
pigment  spots  on  the  Bides  of  some  of  the 
s^menta  ;  circular  muscles  aliaent ;  onno- 
phsgeal  eonimisgureB  and  ventral  cords  in 
contact  with  the  eclodcrm  ;  septa  absent, 
except  three  in  front 

Fam.  2.  XalduddM*  (CljaaaidM). 
Body  cylindrical,  divided  into  two  or 
three  regions.  The  segincnts  towards 
the  middle  of  the  liody  may  be  longer 
than  the  rest  Prestomium  small,  fused 
with  peristomiuiu  ;  ofteu  with  eye  spots. 


488  ANHKLIDA. 

A  homy  plate  nay  be  developed  on  upper  side  of  head.  Aniu  nnallj 
Burrounded  by  a  papilUted  funnel  Tentacles  and  briDchiae  absent.  Noto- 
podium  unall  with  ainiple  or  pinnate  «eta«  abaent  posteriorly;  neoropodimu 
aa  transverse  ndge  with  hooked  setae,  absent  m  Ulterior  n^on.  Inhabit  long, 
saody  tubes  Uttrarta  u  a  clymenid  larva.  Clj/7nau  Ssv.,  head  with  plate; 
C  lumbrtcanUi  Qtf  ,  Praxiila  Mlmg  ,  Letoeephalns  Qtf. ;  Maldaiu  Gr.,  bad 
without  plate  XteoBuuhe  Hlmg  Jxiolhea  Ulnig. ;  ZvioAent  Gr. ;  Pdaio- 
proettu  Qtf 

Fam.  3  AmueoUdH  (TelsthuidM)  Frestoniiuin  small,  without  teDtacles, 
fused  with  penstomium  PeruUmuiun  without  seUe ;  eversible  buccal  i^on 
covered  with  pa[HUae, 
without  jaws.  Notopodii 
snutl,  with  a  bundle  of 
nmple  aetae ;  neuropodia 
with  books  iu  rowa. 
Branched  gills  on  middle 
segments.  Posterior  la- 
ments without  pBJcpodia 
and  gills.  Burro*  in 
sand.  Arenicola  Leach ; 
A.  mariBO*  L.  {A.  pit- 
aOonim  Lam.}.  North 
Sea  and  Uediterraneau. 
Lob- or  tug. worm.  Length, 
5-6  indies  (Naples  speci- 
mens smaller),  colour, 
brownish  green.  The  bar. 
rows  are  U -shaped,  one 
opening  being  marked  bf 
a  heap  of  vermicular, 
sandy  ejects.  Body 
divided  into  three  regione; 
an  anterior  thicker  than 
the  rest,  consisting  of  the 
peristominm  and  6  chaeti- 
ferous segments ;  amiddle, 
not  BO  tliick.  of  13  chaeti- 
feroiiB  and  branchireroni : 
a  posterior  much  thinner 
and  devoid  of  setae  and 
with 


-     1 

Lll-     t  -                    "V          c  J„U 

a  SW.— ADtnrlor  «i  1  or  AmUxia  opened  from  the  dcmal 

Mt    a  BDterloi  sraall  chsinbtr  of  the  coelom    b  d  and  / 

Bnt,  »eoond,  ind  Uitrd  lepU ,  o  »nd  «  second  »nd  third 

■  gUnd  ;  1  nerve  cord ;  -  «tigeiTnie  u<» ;  »  nephridl. ; 

snlcrioi  glinil!! :  ji heart:  ) dorsal  vessel ;  rYc^lcUaor 

uephrldin.    (From  Vogt  snd  Yuni;.) 

less  clearly  marked  and 
variable  in  number.  In 
the  anterior  and  middle 
region  of  the  body  there 
are  3  coelomic  septa,  the  Ist  behind  the  peristouiiuni,  the  2iid  between  the 
2nd  aud  3rd  Botigeroiis  segments,  and  the  Srd  between  the  3ril  and  4th 
setigeroua  segiiienla.  In  the  caudal  regions  the  cueloniic  septa  are  segmental. 
Here  are  6  pairs  of  nepliridla  in  segments  4-9. 


■  Vogt  and  Yung,  PraWtchc  Vcrgl.  Anal., 


i.  p.  487. 
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Fam.  4.     StalibregmilM.'    Stalifntgma  Bathkc;  Eumenia  Oerat.;  Selero- 
■cKHltit  Gr. ;  LipobranAius  Cunn.  and  Ram. 

Fan.  5.  ChlorluMmidaet  (Fheruida*).  Bloogated  cylindrical  bod;  with  green 
blood  (due  to  chtorocruorinj.  Prestoiuiuin  with  a  pair  of  long  procCBses  (t  palpe) 
and  aeveral  green  tentacteB  arranged  in  a  transverae  row  and  acting  as  gills. 
Peristomium  achaetoue.  The  head  can  be  witbdnHn  into  the  body.  The  aetae 
of  the  anterior  s^menta  are  loDg  and  directed  forwards.  Skin  papillated.  Only 
«De  or  two  ooelomic  septa,  anil  two  or  fonr  nephridia.  Fiabtlligera  Sara  [SipKon- 
mtonta  Voigt ;  Cklorhaema  Duj.);  F.  ajinis  Sars,  transparent  body-vall,  skin 
with  long  papillae,  which  trarerse  a  thick  jelly-Uhe  envelope  secreted  bj  it, 
nnder  atones  at  low  tide;  Trophania  M.-Edw. 
{P^ertaamv.);  BradaStim-p.;  Biakidla  liclDt.; 
Siylarioide*  D.  Ch. 

Fun.  6.  8t«niMpida«.;  Body  short,  ante- 
rior region  thickened  and  carrying  on  each 
side  3  rows  of  setae ;  on  the  ventral  surface 
of  the  hind  end  there  is  a  bilobed  horn;  plate, 
round  the  edges  of  which  are  placed  a  number 
of  bundles  of  long  setae.  Mouth  overhung  by 
a  MnaU  knob-like  prestomiuni ;  anus  on  a 
pspilla  dorsal  to  the  horny  shield.  Two 
bundles  of  filamentous  branchiae  just  ant«riai 
to,  and  on  each  side  of  the  anua  on  the  dorsal 
snrface.  About  30  segments  ;  segments  2,  3,  4 
have  a  row  of  strong  setae  on  each  side,  seg- 
menta  5,  6,  7  are  without  setae,  segments  8-15 
have  setae  which  do  not  pierce  the  cuticle ; 
the  remaining  segments  are  marked  by  the 
bundles  of  long  setae  round  the  horny  plate. 
Coelomic  septa  absent ;  alimentary  canal  coiled  ; 
one  pair  of  nephridia  attached  to  the  skin  between 
segtaentB  6  and  7,  and  opening  internally.  Pro- 
jecting externally  between  segments  8  and  9  on 
the  ventral  surface  are  two  processes  which  con. 
tun  the  terminal  parts  of  the  generative  ducts. 
The  generative  organ  is  asac  which  communicates 
with  the  viscoral  coelom  by  a  narrow  canal ;  the 
walls  of  the  sac  are  continued  into  the  two  ^ener-  |^npr*t[ie  ducU     m  maath 

ative  ducts.    Slematpis  Otto,  S.  iciUata  Hanzani,         *■'  *  '*  "'"*  "'  horn)  ahleld 
Mediterranean.  J^  7/T"m  "   *  ™  "'"""'* 

*  Levinsen,  Syil.  geog.  Overs,  over,  dc  Nonl.  Aannl  {VitUiak,  Jteddelter)  for 
1883,  Copenhagne,  1S84,  p.  130. 

i  E.  Orube,  "Mitth.  liber  d.  Fam.  Chlorhaemiden,"  Siii.  ber.  d,  Sehlt»i»dun 
OeiellacKafl,  Breslau,  187S. 

.t  Vejdovsky,  "  Dk.  Akad,   Wien,  48,  1882.      Rietsch,  Ann.  SH.  NaL  (6). 
13,  1S62.     Goodrich,  Q.  J.  M.  S.,  40,  p.  233. 
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Branch  B.     CRYPTOCEPHALA. 

Prestomium  more  or  less  hidden  by  the  peristomium  tchich  grom 
forward.  The  tentacles  are  reduced ^  but  the  palps  are  greatly  developed 
and  suMividedy  forming  the  croicn  of  gills.  The  body  is  distinguUHi' 
aJ>le  into  tico  regions — the  thorax  and  abdomen  characterized  by  the 
form  and  arrangement  of  the  setae,  and  by  certain  internal  differences 

Sub-order  1.     SABELLIFOBMIA. 

Prestomium  entirely  hidden  by  the  forward  extension  of  the 
peristomium ;  tentacles  very  small,  being  often  represented  by  small 
knobs  of  sense-cells;  palps  large  and  vascular,  acting  as  respiratory 
and  sensory  organs.  Peristomium  without  cirri  or  setae;  it  ')& 
usually  raised  into  a  projecting  collar  used  in  fashioning  the  Up  of 
the  tube.  The  parapodia  are  small;  cirri  are  absent  except  in  the 
Serpulidae,  The  setae  are  of  two  kinds — hair-like  and  uncini;  by 
their  arrangement  the  body  is  divided  into  a  thorax,  typically  of 
nine  segments,  and  into  an  abdomen ;  in  the  thorax  the  hair  setae 
are  dorsal,  in  the  abdomen  ventral.  The  buccal  region  is  not 
eversible;  there  is  no  pharynx.  Septa  absent  in  thorax,  present 
in  abdomen.  There  are  two  large  nephridia  in  the  thorax,  opening 
by  a  median  dorsal  pore  just  above  the  brain ;  while  the  nephridia 
of  the  abdomen  are  small  funnels  which  act  as  generative  ducts. 
Tubicolous;  gland -shields  are  present  on  the  thoracic  segments. 
Some  genera  are  hermaphrodite. 

Fam.  1.  Sabellidae*  (including  Eriographidat  and  Amphieorinidae),  Tobe 
formed  of  mucin  of  variable  consistence  and  more  or  less  transparent,  covered  or 
not  witli  mud,  sand,  or  pieces  of  sliells.  Without  thoracic  membrane  and 
operculum.  Branchial  filaments  usually  arise  from  a  semicircular  base.  The 
ventral  gland-shields  are  continued  on  to  the  abdomen.  A  median  ciliated 
groove,  usually  situated  on  the  ventral  surface  (it  sometimes  bends  to  one  side 
on  reaching  the  thorax,  and  may  extend  forwards  on  the  dorsal  surface  to  the 
head),  starts  from  the  anus  and  conducts  the  faecal  matters  to  the  opening  of 
the  tube.  The  species  are  highly  variable  :  the  individuals  of  the  same  species^ 
often  vary  in  the  following  features ;  colour,  number  of  branchiae,  form  of 
collar,  number  of  thoracic  segments,  number  and  position  of  eyes  and  otocysts. 

Spirographis  Viv.,  the  basal  lamella  of  the  gill  filaments  describes  several 
turns  in  spiral.  The  branchiae  of  the  two  sides  are  of  unequal  size ;  Sp. 
spallaiizanii  Viv.,  Naples ;  Bispira  Kr.  Like  preceding,  except  the  two 
branchiae  arc  equal.  Sabella  L.,  gill-filaments  arise  from  a  semicircular  base,  gills 
equal,  two  filamentous  dorsal ly -placed  lip-processes  (found  in  other  Sabellids: 
they  are  not  tentacles);  S.  pavwnina  Sav. ;  Potamilla  Mgr.;  Hypsieomus  Gr.^ 
Potamis  Ehlers  ;   B ranch iomma  Koll.,  with  a  compound  eye  close  to  the  tip- 

♦  St.  Joseph,  Ann.  Sci.  Xat,  (7),  17,  1894,  p.  248. 
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of  each  gill-filimant ;  Protatidet  Wabet,;  Datyehone  Sara,  gill-GUmenta  with 
dorsftl  ■ppradiccB,  D,  boriJigz  Dal. ,  with  compound  eyes  at  the  base  of  the  donal 
appendices  of  the  gilla;  Laonoitu  Mgr. ;  Nolaulax  Tauber ;  Sabeitaatarle  Kr. : 
Sarato  St.  ioa.\  HapMrranehut  A,  G.  Bourne,  eatusrine ;  Manayunkia  Leidy, 
freeb-ivater  ;  Caobangia  Giard,  freeh-water,  BnnB  central  and  anterior  ;  Fa}>rieia 
Blv.;  Othonia  Johnat.;  Amphieora  Ghr,,  with  two  ejea  on  th«  last  segment; 
Oria  Qtf. ;  Jaiiiiin^ra  lang ;  Myxicola  Koch  (Sriographit  Gr, ;  Arippam  Johnat), 
giU-fiUmeDts  connected  by  a  membrane  which  reaches  nearly  to  their  tips  ; 
Ckone  Eroyer ;  Eaehotu  Hgr. ;  DialyeiMie  CIp. 

Fam.  2.  BsTpnlidae.*  Tube  formed  of  mucins  indurated  with  calcareous 
matter.  Almost  always  with  thoracic  membrane  and  opercnlum.  Without  a 
ciltated  groove,  but  the  ventral  surface  (and  sometimes  ths  dorsal)  is  in  part 
ciliatod.  The  thoracic  mcmbrans  is  foniisd  by  the  fosion  of  the  dorsal  and 
Tentr^  cirri  of  tha  thoracic  aegments.  The  OE>crcutum  consist  of  a  tenntnal 
dilatation  of  one  of  the  branchial  Blaments.  Serpula  L. ;  sub-genera  Hydroidtt 
Gnnn.  {Bupimtatut  Phil.;  £iuarphtu  Mijrch. ;  Polyphragma  Qtf.),  and  Crueigera 
Benedict ;  Pntlu  Ehl. ;  Chilinepoma  Lev. ;  Filograna  Oken,  two  or  several  oper- 
cnia ;  SaltruKina  Clp.,  no  operculum  ;  Spirorint  Dandin  (Fig.  400),  operculum 
grooved  on  one  side,  serving  as 
brood  pouch  ;  PiUelaria  Clp. ; 
Janua  St.  Joseph ;  Ompha- 
lopoma  Mdrch  ;  Circeia,  Ompha- 
hpomoprit,  JmiUa,  Leodtrra, 
Mtra,  Eyalopomalopiis,  all  St. 
Jos.  ;  Vennilia  Lmk.,  etc.  ; 
Pomatocerox  Phil.;  SpxTO- 
frrancftut  Blv.  ;  PotntUoiUgus 
Schm.;  PlacotUgut  VYiil.; 
/VnCuIa  Risso ;  (AygmofrrancAtu 
PhiL },  no  operculum ;  Apomaixa 
Phil. 


The  peristomium  ie 
enormously  developed,  and 
forms  a  bilobed  hood 
capable  of  closisg  over  the 
mouth;  the  truncated  free 
end  of  each  lobe  carries 
three  aeraicirclea  of  peculiar 
setae,  which  act  as  a  protec- 
tion when  the  womi  is 
withdrawn  into  its  tube. 
The  prestomium  is  small, 
but  possesseB  a  pair  of  well- 


M.—Spinrbii  huvii  (after  ClipuMe).    a,  the 
111  itinov«d  from  iU  tube,  atnin0l)r  mAgblAed  ; 

■  tube,     r  tenlMloB; 

sulQiii :  Dt  glsnda ;  On 
omsch  ;  D  iDtealine. 


t  Joseph,  Awi.  Sci.  Nat.  (7),  17,  p.  S 
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<leveloped  tentacles ;  the  palps,  which  are  subdivided  as  in  tb« 
SahelUformia,  have  become  fused  with  the  ventral  edges  of  the 
peristomium,  and  appear  as  a  series  of  ridges  on  each  side,  canyinE 
numerous  filaments.  The  thorax  cousiste  of  five  segments,  Uw 
notopodia  of  three  of  which  aie  well  developed,  and  bear  stimig 
setae;  dorsal  cirri  are  present  along  tlie  greater  part  of  the  bodj. 
and  act  as  gills.  The  worms  form  tubes  of  sand. 
Fun.  Hmnallldu.    Sabellaria  Lun.  {HmiaeUa  Sav.). 


<ifler  V.  Onff, 
itoinKh ;  4  bnnclif*  at  Uk 
ii»;   pi,  f6  puipodto:  p* 
i|! ;  V  unckeR  1  S  "**-^'>  opsD'oE 

■TZOBTOinSA.' 

The  Myzoalomida,  thougli  dilTeriiig  in  many  reapects  from  the  PolychaeUi, 
ma}'  most  cooveniEntly  be  treated  in  an  ap;>endix  to  that  group.  Tliere  ue 
two  genera,  Jli/^iUmta  Leuckart,  and  Steltchoput  (jiarasitie  on  Hyocriaui) 
von  Graff.     They  are  all  parasitic  on  Crinoids,   eitevnal   for  the  moat  part 
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(M,  pulvinar  ▼.  Gr.,  lives  in  the  intestine).    They  infest  the  disc  and  arms, 
and  may  be  free  or  enclosed  in  globular  cysts. 

They  possess  a  soft  and  ciliated  skin  ;  five  pairs  of  ventrally  placed  parapodia 
(Fig.  401),  each  of  which  bears  a  hooked  seta  and  an  aciculum ;  four  pairs  of 
laterally  placed  suckers  ;  and  ten  or  more  pairs  of  cirri  placed  on  the  margin  of 
the  body. 

The  alimentary  canal  consists  of  a  protrusible  pharynx,  a  stomach  which 
gives  off  the  radially  arranged  caeca,  and  a  rectum.  The  mouth  is  anterior 
and  ventral,  and  the  anus  posterior  and  ven- 
tral (except  in  a  few  species  in  which  one  or 
lioth  openings  may  be  dorsal). 

The  nervous  system  consists  of  a  nerve  ring 
surrounding  the  pharynx,  slightly  enlarged 
dorsally,  and  ventrally  continued  into  a  large 
ganglionic  mass  (Fig.  401),  which  represents 
the  ventral  cords. 

The  animals  are  hermaphrodite  and  protan- 
drous,  the  testes  maturing  l^efore  the  ovaries. 
The  testes  are  branched  glands  on  each  side, 
and  lead  into  two  ducts  which  open  laterally, 
cue  on  each  side,  just  external  to  the  third 
parapodium. 

The  ovaries  are  two  small  patches  of  coelomic 
epithelium,  and  the  eggs  are  dehisced  into  the 
coelom,  which  they  fill.  From  the  coelom  a 
tube — the  oviduct — passes  dorsal  to  the  rectum, 
and  opens  either  into  the  latter,  or  by  a  median 
pore  just  dorsal  to  the  anus. 

There  are  two  nephridia,  opening  with  cili- 
ated funnels  into  the  coelom  and  into  the 
rectum  behind. 


Order  2.     Oligochaeta.* 


Hermaphrodite  Chaetopoda  without 
pharyru/eal  anncUure  and  parapodia. 
Without  teidades  and  cirriy  rarely  with 
hranchiae.  Gonads  limited  in  number ^ 
ami  restricted  in  position,  llie  develop- 
ment is  direct. 

The  Oligochaeta  comprise  certain  small, 
and  for  the  most  part  fresh-water  worms, 
and  all  the  worms  known  as  earthworms. 


Fio.  402.— Lvm^ricus  rvJbtlliu  (after 
G.  Eisen).  a,  the  whole  worm ; 
CI  clitellam.  &,  the  anterior  end 
from  the  ventral  side,  c,  isolated 
seta 


*  E.  Claparede,  ^^  Becherchca  Aiiatomiques  sur  les  Oligochaetes/*  Geneva,  1862. 
F.  VejdovsKy,  System  u.  Morpkologie  der  OligochaeteHy  Prag,  1884.      W.   B. 
Benham,  **  An  attempt  to  classify  Earthworms,"  Q,  J.  M.  S.,  vol.  31,  1890. 
F.  E.  Beddard,  *'  A  Monograph  of  ike  Oligochaetay**  Oxford,  1895,  which  see  for 
literatare. 
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which  are  sometimes  of  considerable  size,  even  reaching  a  length 
of  from  four  to  six  feet  {Microchasta  rappi ;  Megascolides  australis). 
The  setae  are,  as  a  rule,  few  in  number,  and  are  not  set  in  parapodia. 
The  head  consists  of  a  prestomium,  which  is  sometimes  much  elon- 
gated (Nats  lacustris),  and  is  generally  marked  off  from  the  oral 
segment  (peristomium),  or  first  segment  of  the  body,  by  a  groove. 
The  oral  segment  is  always  without  setae,  and  is  never  reinforced 
by  the  fusion  with  it  of  posterior  body  segments.  There  are  no 
cephalic  appendages  either  on  the  pre-  or  peristomium.  The  seg- 
mentation of  the  body  is  always  well  marked  externally  by  circular 
grooves,''^  and  the  coelomic  septa  are  always  present.  The  segments 
are  all  alike,  and  are  not  divided  into  regions,  though  some  of  the 


Fio.  408.— Setae  of  Oligoehaeta  (after  V^dovsky,  Stole,  and  Michaelsen,  firom  Beddard).  1, 
OnychochaUa  vrindUif  posterior  seta.  9,  ornamented  seta  of  Geoflcolecid.  5,  TriekodkaOa 
hcsperidum ;  56,  end  of  same  more  highly  magnified. 


segments  behind  the  peristomium  are  occasionally  devoid  of  setae. 
The  gonads  are  localized  thickenings  of  the  coelomic  epitheliiun, 
and  special  generative  ducts  are  present  to  convey  their  products  to 
the  exterior.  There  is  always  present  a  glandular  development  of 
the  ectoderm,  generally  having  a  marked  annular  form  and  called 
tlie  ditdlum  or  girdle :  it  secretes  the  cocoon  in  which  the  eggs 
are  laid. 

Considering  the  great  constancy  presented  by  the  Oligoehaeta 
in  the  arrangement  and  structure  of  many  important  organs,  e.g, 

*  In  some  species  of  Lumbricus  a  curious  modification  of  the  metamerisin, 
called  spiral  metamerism,  has  been  observed  as  a  variation.  The  grooves  between 
the  segments  in  such  cases  have  a  spiral  course  (Vi<ie  Bates  on  ** McUerials  for 
the  Study  of  Variation"  p.  157,  London,  1894). 
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the  body-form,  the  ventral  nervous  system,  etc.,  the  variations 
in  structure  in  tlie  excretory  and  generative  organs  are  most 
remarkable. 

The  setae  are  small  chitinous  rods  projecting  from  the  body-walL 
Their  lower  ends  are  embedded  in  small  ectodermal  pits,  the  cells 
of  which  secrete  them.  They  are  absent  in  the  Discodrilidae  and 
in  the  genus  AnacJiaeta,  otherwise  they  are  present  to  the  number  of 
«ight  or  a  larger  number  on  most  of  the  segments.  When  there 
are  eight  they  are  usually  arranged  in  four  groups  of  two  on  the 
ventral  side,  but  the  number  and  arrangement  presents  great  variety, 
and  in  some  forms  (Perichaetidae)  there  is  a  continuous  circle  of 
them  round  each  segment  (Fig.  411).  The  usual  form  of  seta  is 
that  of  an^  but  they  vary  somewhat,  as  is  shown  by  the  accompanjring 


Fio.  404.— i,  S,  Penlal  setae  of  Acanthodrilutt  georgianus.  3,  Spirosperma  /cror.  U,  Ilyodrilus 
coceineus.  5,  Lophochaeta  ignota,  6,  Tuhifex  rindorum.  7,  5,  Nais.  9,  Bohemilla  comata. 
(From  Beddard.) 


diagrams.  The  setae  are  retractile  and  protractile  by  special  muscles 
attached  to  the  walls  of  the  setigerous  sacs  (Fig.  405).  They  are 
oigans  which  assist  in  locomotion. 

Branchiae  are  found  in  a  few  forms,  e.g,  CJiaetohranchua  sertiperi^ 
Branchtura  Sowerbj/i,  and  Hesperodrilvs  hranchiatns. 

The  body-wall  consists  of  a  cuticle,  a  layer  of  ectoderm,  an  outer 
circular  and  an  inner  longitudinal  muscular  layer.  The  ectoderm 
consists  of  cells,  many  of  which  are  glandular.  It  also  contains 
tactile  sense  organs  in  the  form  of  papillae,  and  organs  which  resemble 
taste-buds;  and  in  the  aquatic  forms  many  of  the  ectoderm  cells 
carry  sensory  hairs.  The  gland-cells  are  especially  well-developed  in 
the  clitellum. 


■S&i 
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0  conatracted  upon  the  nematode  type  (i.e.,  the  oontnctile 
substance  p&rtUH;  BornnDdt 
tlie  unmodified  oucleated  jm- 
toplum  (Fig.  40S,  J,  B.  C). 
Id  the  earthwoma,  ho«fv«, 
the  loDgitodiiul  maacoUrUyn 
preaenta  ao  appearance,  irhicli 
it  ia  difficult  to  intorpreL 
In  traDBverse  Kction  the; 
appear  to  conaiet  of  a  nnin- 
ber  of  lamellae  plactd  \kt 
the  barbs  of  a  feather  apon  % 
central  axia,  the  whole  atmebin 
being  placed  in  a  conacctlK 
aubatance  with  nuclei  (Kg. 
406,  D).  The  expUnatioa 
ap]«ai-s  to  be  that  ve  hare  Ic 
do  in  such  cases  nitli  a  (bldni 
layer  of  longitudinal  ma9cl«i; 
each  lamella  conaisting  of  a 
scle-cell,  (rom  which  the 
gniaular  unmodified  proCopIum 
and  nucteua  lias  disappeand 
{vide  Hesse,  Z.  f.  w.  Z.,  6S, 
1S94,  p.  864). 


le  Mta ;  /a  »pL. 


The  central  neirons  system  is  on  tlie  usual  Annelidan  type, 
i-onsieting  of  two  ventral  cords  closely  approximated  and  enclosed 
in  B  common  sheath.  They  are  swollen 
in  eacli  segment  where  the  main  nerves 
are  given  off,  and  in  front  tliey  separate 
from  one  another  aod  embrace  the 
anterior  end  of  the  alimentary  canal, 
to  !»  continuous  with  one  another 
dorsally.  At  this  doreal  point  there  is 
generally  a  bilobed  swelling  which  con- 
stitutes the  cerebral  or  su])rapharyngcal 
ganglia,  from  which  the  nerves  to  the 
preatomiutn  are  given  off.  The  first 
ventral  swelling  is  where  the  circum- 
]ih«ryngeal  commissures  join  to  form 
the  ventral  cord,  and  constitutes  the 
suli-pharyngeal  ganglion.  It  gives  off 
a  large  number  of  nerves  to  the 
[leristomiura.  In  some  forms  a  few 
large,    longitudinal    fibres    resembling 


Flo.  VM.—A-C,  aactlona  thrangb  Ui( 
cireuliT  mii«clB4»lIi  of  ABiiiM- 
pAnm  rMorotica ;  D,  eection  throDgb 
the  lonKltiidlnal  iDuacular  Uy*T  of 
a  young  eartbworm:  p  tailiMic 
epitliellum.    (Alter  H««w.) 
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tubes,  run  along  the  dorsal  side  of  the  conjoined  nerve  cords  in  the 
neurilemma.  Tliey  are  called  the  giant  fibres,  and  are  probably  large 
meduUated  nerve  fibi-es.  A  number  of  visceral  nerves  are  given  oflf 
by  the  circum pharyngeal  commissures  to  the  pharynx  and  constitute 
the  visceral  system. 

Eye-spots  are  present  in  a  few  of  the  aquatic  forms,  but  they  are 
absent  in  the  terrestrial  forms ;  in  spite  of  this  fact  the  eartliworms 
appear  to  be  able  to  distinguish  light  from  darkness.  Tliere  appears 
to  be  no  auditory  sense. 

The  alimentary  canal  is  often  divided  into  several  regions,  the  rela- 
tions of  which  are  most  complicated  in  the  Tetricolae,  In  Lumhricus 
the  buccal  cavity  leads  into  a  muscular  pharynx,  which  is  probably 
used  for  sucking.  This  is  followed  by  a  long  oesophagus  extending 
into  about  the  fourteenth  segment,  and  furnished  with  a  thick  layer  of 
glandular  cells,  and  several  dilated  glandular  appendages,  the  calcareous 
ijlands.  The  oesophagus  is  dilated  behind  into  a  crop  which  leads  into 
a  muscular  gizzard.  The  gizzard  (double  in  Moniligadridae  and  Ben- 
hamia)  has  muscular  walls  and  a  chitinous  lining,  and  it  often  contains 
small  stones;  it  leads  into  the  straight  intestine,  the  dorsal  wall  of 
which  is  pushed  inwards  so  as  to  form  a  longitudinal  fold,  the 
iyphlosole  (comparable  to  a  spiral  valve).  The  intestine  is  dilated  in 
each  segment  and  opens  at  the  hind  end  by  a  terminal  anus.  In 
the  Limicolae  the  alimentary  canal  is  simpler  by  the  absence  of  a 
gizzard ;  a  pharynx  and  oesophagus  however  are  always  present. 

The  vascnlar  system  is  a  closed  system  of  tubes  containing  a  red 
fluid,  in  which  colourless  corpuscles  float.  The  red  (yellow  in  thin 
layers)  colour  is  due  to  haemoglobin  in  solution  in  the  plasma. 
Although  in  solution,  the  haemoglobin  does  not  appear  to  diffuse 
through  into  the  tissues  or  body  spaces,  the  fluids  of  which  are 
colourless.  The  principal  blood  vessels  are  (1)  a  longitudinal  dorsal 
vessel,  contractile  from  behind  forwards ;  (2)  a  ventral  subintestinal 
vessel  also  longitudinal,  but  noncontractile,  and  sometimes  (3)  a 
subneural  longitudinal  vessel  beneath  the  nerve-cord.  These  longi- 
tudinal vessels  give  off  lateral  branches  all  along  their  course,  which 
themselves  branch  in  the  skin,  nephridia,  and  other  organs.  In 
some  of  the  anterior  segments  there  is  a  single  pair  of  dilated  lateral 
vessels,  which  pass  round  the  gut  and  open  into  the  submtestinal 
vessel :  these  are  the  so-called  hearts,  and  are  contractile  from  above 
downwards.  The  dorsal  vessel  is  sometimes  double,  either  wholly  or 
in  j)art.  In  some  forms  there  appears  to  be  a  perienteric  blood-sinus 
in  the  intestinal  wall,  from  which  the  dorsal  vessel  arises. 

2   K 
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In  the  lower  Oligochaeta  the  walls  of  even  the  large  Teasels 
conaist  merely  of  a  thin,  appftrently  structureless,  membrane,  mth 
here  and  there  a  nucleus.  In  the  contractile  vegsels  the  contractility 
iTouId  appear  to  reside  in  this  membrane.  In  the  higher  fonns  the 
large  vessels  possess  muscular  fibres  in  their  walls,  and  an  epitheloid 
lining. 

The  coelom  is  spacious,  and  is  always  divided  by  transvene 
segmental  septa  into  chambers,  which  communicate  usually  aboTe 
the  nerve-cord.  It  contains  a  colourless  fluid  with  amoeboid  cells, 
and  communicates  with  the  exterior  through  three  sets  of  8pe^ 
turcs — the  nephridia,  the  generative  ducta,  and  the  dorsal  pores. 
The  dorsul  pores  ore  present,  one  in  each  segment,  in  many  Terrieolof, 
but  in  the  Limieolae  are  confined  to  one,  in  the  prestomium.  They 
are  usually  placed  in tersegmeti tally  over  the  septa.  Their  function 
is  unknown,  but  in  some  worms  fluid  has  been  seen  to  exude 
from  them. 

Tlie  lining  of  the  coelom  consists  mainly  of  a  flat  epithelium,  but 
on  some  parts  of  the  alimentary  canal  it  has  the  form  of  large,  yellow 
cells— the  so-called  yellow  or  eUoncogen  cells — which  are  loaded 
with  pigment  grains.  These  cells  are  probably  excretory  in  function, 
and  allow  their  contents  to  escape  into  the  body-cavity,  and  to  pass 
thence  to  the  exterior  through  the  nephridia.  Tbe  coelom  is  sub- 
divided, as  stated  above,  by  the  transverse  septa,  and  in  certain  forms 
(LUiijoih-ihis,  Dranchiura)  there  are  obliquely  placed  sheets  shutting 
off  a  lateml,  para])odial-iike  section  of  it,  as  in  some  Polychaets. 
Further,  portions  of  tbe  coelom  are  sometimes  shut  off  from  Ihe 
rest  in  connection  with  the  generative  oigans  (see  below).  There 
is  no  longitudinal  dorso-veiitral  mesentery  (except  in  CruKlrilus),  but 
traces  of  the  ventral  mesentery  are  sometimes  left. 

Sometimes  certain  of  the  larger  blood  vessels  are  enclosed  in 
]>erihaemal  sjiaees.     Whether  or  not  these  are  coelomic  is  unknown. 

Nephridia  are  aljsent  from  a  certain  number  of  the  anterior 
segments ;  and  in  the  Limkolae  the  generative  segments  are  without 
them  in  tlie  breeiling  season.  They  are  of  two  kinds:  (1)  the 
iii&jav^phrk,  or  ordinary  kind,  such  as  is  found  in  the  Limitolae 
and  in  many  of  the  Terricolae,  and  (2)  the  plectonephrif  or  liiffwt 
variety,  found  in  some  members  of  the  families  Peridiaetidat, 
Cryplodrilidae,  and  Aeanthodrilidae,  The  two  kinds  may  ci>*iiBt 
in  ihc  siime  aniniHl,  and  even  in  the  same  segment  {Megaeroliiiei). 

lu  Lumhi-icm  wo  find  the  /■"'■jaiephrie  condition.  The  nephridia, 
of  which  inhere  is  a  single  pair  in  each  segment,  consist  of  a  long 
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winding  tube,  in  which  the  following  regions  can  be  distinguished 
(Fig.  407):  (1)  the  preseptal 
portion  consisting  of  the  coelomic 
funnel  and  a  short  tube  (a),  lead- 
ing back  to  the  septum  which  it 
perforates,  to  become  continuous 
with  (2)  the  rest  of  the  nephrid- 
ium,  which  lies  in  the  segment 
behind.  Tliis  postseptal  part 
presents  the  following  regions : 
(//)  the  jiarroiB  tube  of  consider- 
able length  and  thin  wall ;  parts 
of  it  are  ciliated :  (e)  the  middh 
lube  which  is  short  and  confined 
t")  the  length  of  one  loop  only; 
the  middle  tube  is  ciliated  :  (d) 
the  touie  tube,  wliich  is  long, 
non-ciliated,  and  opens  into  a 
short,  dilated,  muscular  •  walle<l 
portion— the  muscular  duct  which 
opens  to  the  exterior  through  the 
ventral  body  ■wall.  The  whole 
nephridium,  except  tlie  muscular 
duct  and  the  funnel,  consists  of 
the  so-called  perforated  or  drain- 
pipe cells. 

In  the  Limieolae  the  nephrid- 
ium is  generally  simpler,  consist  mg 


Pla.  40T.— Nephiiillum  of  L 
VogtiDd  Ynng  (nrr  OegeDtnui) 
■bd  proHptal  portion  b  the  nirrc 
c  Ui6  middle  Cube ;  d  tbe  wide  tu 


of  the  funnel  (pre- 
septal) and  a  long 
coiled  duct,  passing 
through  a  protopla-s- 

which  cell  limits  are 
not  always  discernible 
(Fig.  409),  and  lead- 
ing to  the  wider  ter- 
minal imrt. 

As  a  rule  there 
is  oidy  one  jiair  of 
nephridia     in     each 


segment,  but  in  Brackydfihu 
there  arc  two  pain,  and  in 
Trinephnu  three.  The  nepb- 
ridia  always  extend  over  two 
Bcgmenta,  the  int«rnal  opening 
being  in  the  segment  anterior  to 
that  in  which  the  main  part  of 
the  nephridium  lies. 

The  external  opening  is  usuaUy 
near  the  setae  of  the  ventral  row, 
but  sometimes  it  is  near  the  setae 
of  the  dorsal  row,  and  even  dorsal 
to  these;  and  nephridia  in  suc- 
cessive   segments    may    open  in 


different  places  This 
difference  in  position 
of  the  ojicning  may 
be  accompanied  by  a 
difference  in  stnic 
ture,  ey  in  Aranfho- 
dnlus  noiae  -ealan 
dtai'  the  nepbndia 
which  o|)en  in  front 
of  the  vcntml  setae 
have  a  caecal  appen 
dage  while  those 
wliit.li  oi>en  in  front 
of  the  dorsal  setae 
are  without  this 
appendage. 

The  pleetmiephric 
or  diffuse  nepliridia 
arc  networks  of  fine 
tubes  lying  on  the 
body-wall  and  septii 
in  each  segment 
(Figs.  410,  4U). 
They  have  seveml 
openings  to  the  ex- 
terior, and  they  some- 
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times  open  into  the  coelom  (Periehaeta,  and  in  Odochaetua  in  the 
case  of  the  nephridia  which  open  into  the  rectum),  and  sometimes 
they  do  not  {Odo- 

chaetus,    Megasca-  ^  ^xif^\i-'VltfWr/M/^«!^        0 

lid^s).  The  coelomic 
openings  when  pre- 
sent are  numerous, 
but  whether  they 
have  any  numerical 
relation  to  the  ex- 
ternal openings  is 
not  clear  from  the 
published  accounts. 
Nor  is  it  clear 
whether  we  are  to 
look  upon  the  plec- 
tonephric  condition 
as     being     due    to 

the  presence  of  Fio.  411.— Diagram  showing  the  disposition  of  the  nephridia  of  a 
numerous      small       segroent  of  Perichaeta  aspergillum  (from  Perrler,  after  Beddard). 

p  dorsal  pore ;  o  external  openings  of  nephridia :  i  intestine ;  s 
nephridia  in  a  Seg-  setae ;  w  ventral  blood  vessel ;  n  nerve  conl ;  r  nephridial  net- 
ment     which     have       work ;  rd  dorsal  blood  vessel. 

become  connected  together,  or  whether  they  are  derived  from  the 
modification  of  a  single  pair  of  nephridia.  However  this  may  be,  it 
appears  certain  that  the  plectonephric  condition  is  preceded  in  the 
embryo  by  a  stage  in  which  there  is  only  one  pair  of  ordinary 
nephridia  in  each  segment.  It  is  supposed  that  the  adult  condition 
in  such  forms  has  arisen  by  the  multiplication  of  the  original  simple 
tubes.  The  diffuse  nephridia  may  be  the  only  kind  of  nephridia 
present;  or  they  may  coexist  in  the  same  segment  with  meganephridia 
(Perichaefa  artnata,  etc.) ;  or  meganephridia  may  be  present  in  one 
part  of  the  body,  and  plectonephric  nephridia  in  another  part,  the 
two  conditions  gradually  passing  into  one  another;  e.(j,  in  Megas- 
colkles  ausiralis  there  are  plectonephridia  without  internal  funnels 
in  the  anterior  segments,  an  intermediate  condition  in  the  middle 
segments,  while  in  the  posterior  segments  the  nephridia  are  mega- 
nephric  and  possess  coelomic  funnels.  It  appears  that  in  some  cases 
the  nephridial  network  is  continuous  from  segment  to  segment. 

In  some  Oligocliaeta  the  external  opening  of  a  certain  number  of 
nephridia  is  into  the  alimentary  canal.  This  is  the  ease  in  the 
Eiichytraeidaey  Odochaetus  mMipoiiLs^  species  of  BhinodriluSfAcanfJuh 
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dritus,  Megaacolidea,  ete.,  in  which  the  Balivory  glanda  are  sappoeed 

to  be  modified  nephridia,  and  in  Ociochaehia  muUiponu  there  on 
nephridia  in  the  posterior  eegments,  which  open  both  to  the  erterior 
and  into  the  rectal  part  of  the  gut,  as  well  aa  internally  into  the 
coelom  (recalling  the  respiratory  trees  of  Qephyrea),  see  p.  530. 

In  the  Euilrilidae,  which  have  paired  meganephridia,  the  ducto 
of  the  nephridia  branch  in  the  body-wall,  and  form  a  network  which 
has  several  openiugs  to  the  exterior. 

The  aephrtdia  are  developed  from  certain  structures  Id  the  embryo  oiled 
fnmephridia.  These  are  bidbII  cellular  >f{gregatioiiB  attAcheai  to  the  aepta,  oat 
psii  ID  each  segmeat,  except  in  frouL  The  Snt  pair  con gtitu tee  the  hesd-kidnej : 
they  open  on  the  head,  sometimes  on  the  dorsal  surface  by  the  head  poie 
(Lumbrieua),  and  occupy  two  or  three  aegments.  They  may  permst  or  disippev. 
In  the  hinder  aegments  they  are  at  firet  streight  rovs  of  cells  ending  anteriorlj 
on  the  septum  in  a  flame.cell  with  a  vacuole  containing  a  flame-shaped  flagellnm 
IBAyjuhtlmii).  ThU  large  terminal  cell  eventually  divides  np,  loses  ita  flagellmn, 
and  fonna  tbe  ciliated  coelomic  opening. 

As  stated  above,  the  plectonephric  condition  is  preceded  by  a  stage  with  not 
pair  of  pronephridia  in  the  segment. 

In  ifegaxolida  aiutralit  the  pronephridia  in  the  anterior  part  of  the  body 
give  off  loops,  which  become  diaconneotwl,  so  as  to  form  several  separate  nephridia, 
of  which  one  retains  the  coelomic  opening,  and  forms  the  large  nephridium  of 
the  segment 

all  hermaphrodite.  The 
position  of  the 
gonads  varies  in  the 
Limieotae ;  but  it 
is  fairly  constant  in 
the  Terricotae,  there 
being  in  this  group 
nsuaUy  (Fig.  412) 
two  pairs  of  testes 
placed  in  s^ments 
10  and  11  respec- 
tively, and  one  pair 
of  ovaries  in  seg- 
ment 13  (except 
in  the  Moniligas- 
tridae). 

When  there  is  onlf 
one  pair  of  testes,  it 
is  in  ID  in  Typhatia, 
in  11  in  DiaehaOa 
and   Eudriloidt*,   and 


Oenetative  organs.     The  Oligochaett 
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The  reproductive  glands  are  detiiiitely  localised  tliickeninga  of  the 
coelomic  epitheUum,  and  are  placed  upon  the  poeterior  faces  of  certain 
septa.  The  part  of  the  body-cavity  in  which  the  tcBtes  lie  may,  in 
some  Terrieolae,  be  cut  off  from  the  rest  by  a  development  of  the 
Bepta  which  forms  the  median  part  of  the  vesicula  seminalis  or 
sperm  reservoir  (Figs.  413,  413). 

The  vesiadae  ieminaleg  or  sperm  tuies  are  developments  of  the 
ttepta  of  the  testes  segments.  They  are  paired  structures  in  Terri- 
eotae,  and  unpaii'ed  in  most  Limieolae.  They  communicate  with  the 
coelom,  but  in  many  Terrieolae  the  part  of  the  coelom  into  which  they 
open  is,  aa  stated  above,  cut  off  from  the  rest  by  a  membrane  which 
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encloses  a  space  containing  the  testes  and  the  sperm  rosette.  This 
is  the  gperni  reservoir  (Fig.  413).  A  sperm  reservoir  is  not  developed 
in  Allolobophora,  Acanthodrihis,  and  some  other  forms  (Fig.  414). 
Sperm  sacs  are  absent  in  the  Enchytraeidae  (except  Mesenchyfraeua). 

The  vesiculae  seminalcs  or  sperm  sacs  do  not  necessarily  correspond 
in  number  with  the  testes ;  they  vary  in  number  from  one  pair  to 
four  (Fig.  414).  They  may  attain  a  great  size,  extending  back 
through  a  great  number  of  segments  (60  in  a  species  of  GeoscoUx).  In 
the  Limicolae  the  sperm  aac  is,  aa  stated  above,  generally  unpaired. 

A  similar  sac  is  formed  in  connection  with  the  ovary  in  some 
forms.     This  ovisac  in  the  Limtcolae  is  unpaired,  and  may  he  veiy 


large  {Rhipidieliiiia).     In  the  Terricolae  the 


iTisacs,  when  present,  an 
usually  small  and  paiml 
(Fig.  413,  etc.).  Thejaie 
diverticula  of  the  septum 
at  the  huid  end  of  the 
ovarian  segment,  and  in 
some  Liinieolae  the 
sperm-sac    projects  iolo 

The  geueialive  duels 
correspond  in  number  to 
the  generative  glank 
They  usually  open  into 
the  general  body^Mivit)' 
of  the  segment  contain- 
ing the  gonads,  but  iii 
some  Terricolae  (Lum- 
brieus,  etc.)  the  vaea 
deferentia  open  into  the 
median  part  of  the 
sperm-sacs  (sperm- 
reservoir).  In  the  Ter- 
ricolae there  are  two 
oviducts  and  two  paira 
of  vasa  deferentia.  The  oviiluchs  as  in  the  Limicolae,  are  short,  and 
open  externally  on  the  segment  behind  that  containing  the  ovaries, 
usually  on  tin;  14th  ;  and  internally  into  the  coelomic  chamber  of  the 
ovarian  segment,  usually  the  13th.  The  two  vasa  deferentia  of  the 
same  side  join  behind  to  fomi  a  single  duct,  except  in  Phreort/rte^ 
where  they  open  on  two  consecutive  segments,  and  in  Peloi/rHus,  in 
which  they  oiien  on  the  same  segment.  The  opening  of  the  vas 
deferens  ia  vnriahle  in  position*;  in  Lumbrieug  it  opens  on  segment 
15.  The  iiitenud  openings  of  the  vasa  deferentia — or  fperin  rosette* 
as  tliey  are  called— are  in  the  coeloni  of  the  segments  of  the  testis 
(generally  10  and  11),  and  if  tjiere  is  a  8i>erni  reservoir  they  open 
into  it.  There  is  in  many  forms  attached  to  and  opening  into  the 
vas  deferens  near  ite  external  opening  a  glandular  appendt^  called 
the  }»vitafe,  or  njienmilucal  gland  (Fig.  414).  In  some  genera  the 
si>ermiihicnl  gland  ojiens  to  the  exterior  indeiicndently  of  the  sperm 

*  From  segment  1 1  in  Mvniligiuter  to  22  in  LiaAaeia. 
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In  the  Liinicolae  the  atrium^  which  is  a  dilatation  on  the  vas 
deferens  close  to  its  opening,  seems  to  correspond  to  the  spemiiducal 
gland. 

In  the  Limicolae  there  is  usually  one  pair  of  ovaries  (except 
Phreoryctes)  and  one  pair  of  testes  (except  Lumbriculidae),  and 
their  position  varies  somewhat  in  the  different  families.  They  are 
placed  further  forward  than  in  the  Terricolae  (for  position  see  account 
of  families),  and  their  ducts  are  short,  opening  on  the  segment 
following  that  containing  the  gland.  The  nephridia  of  the  segments 
of  the  ovaries  and  testes  disappear  as  soon  as  these  organs  begin 
to  develop. 

The  ova  of  tlie  Limicolae  are  much  larger,  and  have  more  yolk 
than  the  ova  of  the  Terricolae, 

According  to  Beddard  a  trace  of  a  second  pair  of  ovaries  can  be  made  out  in 
the  young  of  some  earthworms  (Lumbriais  and  Octocfuietus)  in  the  12tli  segment. 
In  this  case  the  number  of  ovaries  will  equal  the  number  of  testes,  and  the 
series  of  gonads  becomes  a  continuous  one. 

The  spermatozoa,  which  are  filiform,  develop  in  the  sperm  sacs, 
into  which  the  cells  of  the  testis  (progametes)  are  dehisced.  When 
ripe  they  are  drawn  into  the  vasa  deferentia  by  the  cilia  of  the  sperm 
rosettes,  and  passed  down  these  tubes,  which  their  presence  renders 
of  an  opaque  white  colour  and  so  visible  to  the  naked  eye  in 
earthworms,  to  the  exterior.  Here  they  are  taken  up,  in  the  manner 
described  below,  by  the  spermafhecae  (receptacula  seminis)  of 
another  worm,  where  they  are  stored  until  they  are  required  for  use. 
Tlie  spermathecae  are  small  vascular  sacs,  which  open  externally 
near  one  end  of  the  segment  which  contains  them  (usually  the 
anterior);  the  number  of  them  varies  considerably.  In  the  Terricolae 
there  are  usually  several  pairs  (4  or  5).  Generally  there  is  only  one 
pair  in  a  segment.  In  the  Linncolae  they  are  generally  contained  in 
the  testicular  segment.  In  Eiichyfraeus,  and  i)ossibly  other  genera, 
the  spermathecae  open  into  the  gut  as  well  as  to  the  exterior. 

The  capsulogenous  fjlamh,  or  as  they  are  now  called  from  their 
supposed  function,  the  aUmmen  glaruls,  are  glandular  developments 
in  the  ventral  lx)dy-wall  in  the  generative  segments  of  some  eartli- 
worms.  They  probably  secrete  the  albuminous  matter  found  in 
the  cocoon. 

Sperma^ophores  have  been  observed  in  some  forms,  both  aquatic 
and  terrestrial  {e.g,  Tulnfejc,  some  Lumhricidae),  They  have  a 
somewhat  elongated  shape,  and  often  have  a  certain  complexity  of 
structure.     They  consist  essentially  of  si)ermatozoa  cemented  together 
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into  a  packet.  They  are  found  on  the  segments  which  during 
copulation  are  placed  opposite  to  the  male  genital  pores.  The 
tuhercula  puhertatis  are  ])apillae  on  the  ventral  side  of  the  cUtellar 
segments. 

The  cUtdlum  or  girdle  is  a  glandular  thickening  of  the  integument 
of  one  or  more  segments  of  the  body.  In  the  lAmicolae  it  is  on  the 
generative  segments  themselves.  In  the  Terricolae  it  varies  in 
position,  but  is  never  in  front  of  the  12th  segment,  except  in  the 
MoniUgastridae. 

The  male  and  female  openings  are  on  the  clitellum  in  Typhaeus,  Megaseolidet, 
EtidriluSf  PaiUoscolex^  Criodribis,  JfoniliffosUr,  etc.  (in  Moniliffoster  the  male 
openings  are  between  10  and  11,  the  female  openings  between  11  and  12);  in 
HomiogasUr^  Ditichaeta,  BhinodrilitSf  BraehpdrUua,  etc.,  the  male  openings  are 
on  it,  the  female  being  in  front  of  it ;  the  female  openings  are  on  it,  and  the 
male  behind  it  in  CryptodrUuSj  Perichaeta,  Deinodrilus,  etc. ;  finally  in  the 
Lwnbricidae  both  orifices  are  in  front  of  it. 

As  a  rule  the  clitellum  is  saddle-shaped,  the  glandular  development 
being  confined  to  the  dorsal  and  lateral  regions,  but  in  some  forms  it 
is  a  complete  girdle.  Its  secretion  serves  to  make  the  cocoon,  and  in 
some  earthworms  at  any  rate  to  bind  the  worms  together  in  copulation. 
Long  modified  setae  are  found  in  some  forms  in  the  neighbourhood 
of  the  male  pores,  and  protruding  through  them;  and  in  a  few 
species  bundles  of  similar  setae  are  found  near  the  spermathecae. 
They  are  termed  genital  setae,  those  near  the  male  pore  being  male 
penial  setae,  and  those  near  the  spermatheca  pore  female  copulatory 
setae.  When  these  modified  setae  are  present,  the  ordinary  setae  of 
the  segment  are  absent.  The  cocoons  in  which  the  eggs  are  enclosed 
may  be  spheroidal ;  more  usually  they  are  ellipsoidal,  the  two  poles 
being  prolonged  into  short  projections.  They  are  formed  by  the 
secretion  of  the  clitellum  which  the  worm  slips  over  its  head.  As 
the  cocoon  passes  over  the  openings  of  the  generative  organs,  it 
receives  the  ova,  spermatozoa,  and  albumen  which  form  its  ultimate 
contents.  Being  elastic  it  shrinks  when  free  of  the  worm  and  forms 
a  compact  case,  traces  of  its  origin  being  generally  retained  in  the 
two  projections  from  its  poles.  The  cocoons  are  attached  to  aquatic 
plants  (Limicolae),  or  deposited  in  damp  earth  {Terricolae),  It  is 
common,  though  not  universal,  to  find  that  only  one  embryo  in  each 
cocoon  attains  full  development.  There  is  no  free  larval  stage :  the 
young  leave  the  egg  as  minute  fully  formed  worms. 

Earth womis  copulate.  In  the  common  earthworm  of  this  country  the  process 
may  be  observed  as  follows.:  two  worms  in  neighbouring  burrows  apply  the 
anterior  ends  of  their  bodies  together  (the  posterior  ends  remaining  in  the 
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burrows)  in  such  a  way  that  the  openings  of  the  spermathecae  are  opposite 
the  clitclhim  of  the  other  worm.  The  bodies  become  adherent,  probably  by 
suction  of  the  yentral  surface  of  the  clitella,  with  the  assistance  of  a  secretion 
■of  the  clitellum,  and  sperm  is  poured  out  of  the  openings  of  the  vasa  deferentia. 
This  is  passed  back  along  the  ventral  body  of  the  worm  in  grooves  which  can  be 
faintly  discerned  in  sexually  mature  worms,  leading  back  from  the  male  genital 
opening.  These  grooves  end  at  the  clitellum,  and  the  transmission  of  the  sperm 
backwards  is  probably  effected  by  the  coordinated  contraction  of  their  sides. 
However  that  may  be,  the  sperm  is  transported  backwards  until  it  comes  to 
the  ventral  surface  of  the  clitellar  region ;  here  it  is  opposite  the  openings 
-of  the  spermathecae  of  the  adherent  worm.  These  appear  to  take  it  up  by 
a  suctorial  action,  and  so  to  become  filled  with  the  sperm  of  the  other  worm. 
The  use  of  spermatophores  in  suoh  oases  is  unknown.* 

Asexual  reproduction  is  found  in  some  of  the  aquatic  forms,  and 
the  earthworms  seem  to  liave  considerable  power  of  reproducing 
lost  parts. 

The  asexual  reproduction  consists  of  a  process  of  fission  combined 
with  gemmation.  It  takes  place  at  certain  periods  of  the  year  under 
certain  climatic  conditions,  and  is  exliibited  by  worms  which  are 
immature  in  the  fact  that  the  generative  organs  are  not  developed. 
In  the  Naididae  (Nais,  Chaetogaster,  etc.)  a  zone  of  fission  is  formed, 
i.e.  one  of  the  somites  enlarges  and  becomes  divided  into  two  parts: 
the  anterior  part  forms  the  anal  segment  of  the  anterior  worm,  and 
the  posterior  gives  rise  to  the  head  and  anterior  segments  of  the 
posterior  portion.  A  chain  of  zooids  may  be  formed  in  this  way, 
the  individuals  of  which  eventually  separate.  In  the  earthworms 
the  anterior  end,  including  the  pharynx  and  cerebral  ganglia,  can 
he  reproduced  after  excision,  and  the  same  remark  applies  to  the 
hind  end.t 

The  Oligochaeta  are  distributed  all  over  the  world  in  fresh-water 
and  on  the  land.  Some  are  amphibious,  and  a  few  species  are 
marine ;  but  the  majority  are  terrestrial,  and  are  earthworms  in  the 
ordinary  sense  of  the  word. 

Earthworms  are  found  in  the  surface  soil  of  the  earth,  in  which 
they  form  burrows,  coming  to  tlie  surface  to  get  rid  of  their  faeces 
(worm  casts),  and  to  procure  food,  and  to  copulate.  Their  food 
consists  of  decaying  vegetable  substances,  which  they  find  in  the 
form  of  leaves  and  twigs  on  the  surface  and  in  the  dark  vegetable 
surface  soil,  large  quantities  of  which  they  swallow.  The  part  which 
earthworms  play  in  modifying  the  surface  soil  is  well  known,  and 
has  been  fully  treated  by  Darwin  in  his  celebrated  work  on  the 
subject.     Briefly  their  action  may  be  summed  up  as  follows :   they 

•  Andrews,  American  Naturalist,  1896.         t  Bttlow,  Z,f,  w.  Z.,  1883. 
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are  continually  bringing  up  to  the  surface  some  of  the  deeper  soil, 
and  depositing  it  in  the  form  of  casts;  they  thus  assist  in  turning 
over  the  soil,  and  in  mixing  together  the  different  parts  of  it,  and 
the  soil  of  the  deeper  layers  is  thus  exposed  to  the  atmosphere. 
Phosphorescent  earthworms  have  been  observed,  but  they  are  not 
common. 

Sub-order  1.     Limicolae. 

Oligochaefa  with  a  clitellum  commencing  not  later  than  the  tenth 
or  eleventh  segment,  and  consisting  only  of  a  single  layer  of  cells; 
the  sperm-ducts  only  occupy  two  segments,  the  external  pore  being 
on  the  segment  following  that  into  which  the  funnel  opens;  the 
male  pore  is  situated  in  front  of  the  female  pore;  eggs  generally 
large,  always  provided  with  abundant  yolk;  egg-sacs  large;  spenni- 
ducal  glands,  when  present,  possess  a  muscular  layer  interposed 
between  the  inner  epithelium  and  the  glandular  layer;  sexual 
maturity  at  a  fixed  period.     For  the  most  part  fresh-water  forms. 

Fam.  1.  Phreoryotidae.  Aquatic  or  terrestrial,  of  slender  form,  often  very 
long.  Setae  in  four  rows  of  single  setae  or  of  couples,  sigmoid.  Testes  in  10 
and  11.  Ovaries  in  12  and  13,  or  in  13  only.  Sperm-ducts,  two  pairs  opening 
separately,  without  spermiducal  glands.  Spermathecae  in  front  of  testes, 
without  diverticula.  No  genital  setae.  Phreoryctea  HofTmcister,  Eur.,  K.  Am., 
N.  Z.,  clitellum  11-14,  4  ovaries  ;  Pelodriliis  Beddard,  New  Zealand,  clitellum 
11-18. 

Fam.  2.  Lumbrioulidae.  Aquatic  worms  of  moderate  size.  Setae  paired  and 
/-shaped,  sometimes  with  the  free  extremity  bifid.  The  dorsal  blood  vessel  or 
the  transverse  vessels  with  blind  contractile  appendages  (except  Stylodrilus  and 
{V)  Alluroides).  Testes  in  9  and  10;  ovaries  in  11.  Two  pairs  of  sperm-ducts 
(exc.  AlluroUies)  uniting  to  open  by  a  single  spermiducal  gland  on  each  side, 
which  lies  in  front  of  the  oviducal  pores  usually  in  10.  LumbriciUiis  Gr., 
male  \\ovq  in  8  ;  Rhynchelmis  Hotfmeister ;  Trichodrilus  Clap. ;  PhrecUothrix 
Vejd. ;  Claparcdilla  Vejd. ;  JStylodrilua  Clap. ;  Sutroa  Eisen  ;  Alluroides  Bed., 
this  genus  presents  certain  characteristics  of  Terricolae.     Eclipidrilus  Eiscn. 

Fam.  3.  Tnhifioidae.  Aquatic,  fresh-water  or  marine,  of  small  size  and 
slender  build.  Setae  of  three  kinds — capilliform,  pectinate,  and  uncinate— of 
which  the  first  two  (when  present)  arc  only  found  in  the  dorsal  bundles.  Dorsal 
and  ventral  blood  vessels  connected  in  every  segment.  Testes  in  10,  ovaries  in 
11,  sperm-ducts  always  ending  in  s|>ermiducal  gland  opening  on  11.  Oviducts 
open  between  11  and  12.  Spermathecae  one  pair  in  10.  Ttihifex  Lam.,  dorsal 
bundles  with  capilliform,  pectinate,  and  uncinate  setae ;  CliUllio  Sav. ;  CI. 
arcnarius  Sav. ,  coasts  of  Europe  ;  Limnodrilus  Clap. ,  with  uncinate  setae 
only,  Eur.  and  California;  Hcsperodrilus  Bedd.,  Falkland  Isl.  and  S.  Am.; 
Heterochacia  Clap.,  marine,  coasts  Engl,  and  Belg. ;  Peloscolex  Leidy,  N. 
Am.:  Psammoryctcs  Vejd.,  setae  capillif.,  unc,  ])alniate,  and  pectinate,  Eur.; 
Hemituhifex  Eis.  ;  Telmatodrilus  Eis. ;  S}yirospcniui  Eis. ;  Uyodrilus  Eis. ; 
Bothrioiieuron  Stole ;  Lophochacta  Stole ;  BrancJiiura  Bedd.,  with  median 
dorsal    and    ventral   gills,    Victoria   regia    tank    in   Regent's   Pcu-k,  London ;. 
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Fermieulus  Goodrich,  marine,  Weymouth  ;  Embolocephalus  Randolph,  Lakes  of 
iieneva  and  Zurich  ;  Phreodrilus  Bedd.,  subterranean  water,  N.  Zeal. 

Fam.  4.  Kaididae.  Small  aquatic  worms.  Setae  usually  in  four  grou])s 
upon  each  segment — sigmoid,  bifurcate,  hastiform,  and  capilliform.  In  most 
genera  the  dorsal  setae  are  absent  from  a  vaiiable  number  of  the  anterior 
segments.  Sexual  reproduction  at  fixed  intervals,  between  which  asexual 
repro<iuction  by  fission  occurs.  Sexual  organs  (only  known  in  a  few  types) 
far  forward,  commencing  even  in  the  5th  segment.  Testes  in  5,  ovaries  in  6. 
Tliere  is  sometimes  only  one  nephridium  in  a  segment,  and  in  Uncinais  littoraZU 
they  are  said  to  be  absent  altogether.  NaU  O.  F.  Muller  (including  Slavina 
Vejd. ;  Stylaria  Lamk. ,  etc. ),  the  first  5  segments  lack  dorsal  setae  ;  N,  lacustria 
L. ;  PriUina  Ehrbg.  (incl.  Naidium  Schm. ) ;  Jtipistes  Duj. ;  Uncinais  Lev. ; 
Bohemilla  Vejd. ;  Dero  Oken,  gills  as  processes  surrounding  the  anus ;  D, 
MUlltn,  Gt  Brit. ;  Chaetobranchus  Bourne,  gills  as  hollow  processes  of  body- 
wall  enclosing  the  dorsal  setae,  Madras  ;  Ainphichaeta  Tauber,  several  segments 
without  setae ;  CJuutogaster  v.  Baer,  ventral  setae  only  present,  uncinate,  some 
s^^cnts  without  setae,  ventral  ganglia  more  numerous  than  apparent  segments, 
as  also  in  Vetrovennis  Imhof.,  which  is  probably  allied  here. 

Fam.  5.  Enohytraeidao.  Small  worms ;  setae  (al)seut  in  Anachada)  short, 
straight  or  curved,  not  bifid.  A  single  \y&iT  of  calciferous  glands  sometimes 
present.  Dorsal  vessel  present  only  anteriorly,  sometimes  with  cardiac  body. 
Testes  in  11,  male  pores  in  12  ;  a  reduced  spermiducal  gland  present ;  oviducts 
represented  by  \yoTea.  Spermathecae  one  pair,  in  5,  generally  opening  into  gut.* 
In  most  there  is  a  single  pore  on  the  prestomium.  Dorsal  pores  occasionally 
present.  Fresh-water,  marine,  damp  earth,  littoral.  In  the  presence  of  calciferous 
glands  and  in  the  distance  between  the  spermathecae  and  the  male  pores  this 
family  approaches  the  Terricolae.  The  presence  of  dorsal  pores  in  some  genera 
{Fridericia)  points  in  same  direction.  Distichopus  Verrill ;  Chirodrilus  Verrill ; 
Mesenehyiraeus  Eisen ;  SterciUtis  Michaels.,  in  manure,  lumen  of  al.  canal 
sometimes  obliterated ;  Pachydrilus  Clap. ;  Marionia  Michaels. ;  Buehholzia 
Michaels. ;  Enchytrcuiis  Henle,  setae  hooked  at  free  extremity ;  Fridericia 
Michaels.;  Henlca  Michaels.;  Aimchaeta  Vejd.  {Achaeta  Vejd.),  setae  absent, 
represented  by  large  cells  ;  Bryodrilua  Ude  ;  Parenchytrneua  Hesse. 

The  Diaoodxilidaef  are  allied  here ;  they  are  small  parasitic  forms,  without 
setae,  with  a  small  number  of  segments ;  cephalic  lol>e  divided  into  two ;  a 
sucker  at  the  hind  end.  Pharynx  with  two  jaws,  one  above  the  other,  formerly 
mistaken  for  Leeches.  Braiichiobdella  Odicr  (Astacobdella  Villot),  parasitic  on 
gills  of  the  Crayfish  ;  Bdellodrilus  Moore  ;  Myzohdella  Leidy. 

Sub-order  2.     Terricolae. 

Earthworms.  Olifjochaeta  with  a  clitelluni  which  never  commences 
before  the  twelfth  segment  (except  in  Mojiilujastrulae),  and  always 
consists  of  two  layers  of  cells.  The  sperm-ducts  traverse  two  or 
more  segments  on  their  way  to  the  exterior.  Ova  small  and  with 
little  yolk ;  egg-sacs  small.  Spenniducal  glands,  when  present,  have 
not  a  muscular  layer  interposed  between  the  inner  epithelium  and 

•  Found  also  in  lihynchelmis  and  Sutroa. 

t  J.  P.  Moore,  Journ.  Morph.,  10,  1895,  p.  497. 
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the  glandular  layer.      Sexual   maturity  seems  to   be   more  or 
continuous.     Oviducal  pores  always  on  segment  14,  and  ovaries  in 
segment  13. 

Fam.  1.  Moiiiligaatridae.  Large  or  small  earthworms  with  paired  setae, 
8  per  segment;  clitelliini  10-13,  ineoDspicuous,  one  cell  thick.  One  pair  of  male 
pores  in  MoniligasUry  between  10  and  11,  testes  in  10  ;  two  pairs  in  Desmo- 
gasteVf  on  11  and  12,  testes  in  10  and  11.  Spermiducal  gland  showing  the  same 
structure  as  in  the  Lumbriculidae,  with  sometimes  a  protrusible  penis.  Ovaries 
in  13  in  DesmogaaUr  and  some  s|)ecies  of  MoniligasteTf  in  11  in  other  species  of 
M.  Egg-sacs  large ;  eggs  smallish,  larger  than  those  of  other  Earthworms, 
smaller  than  those  of  aquatic  forms.  India,  Ceylon,  Sumatra,  Borneo,  Burmah, 
Bahamas.  Moniligaster  Per.;  DesmogasUr  Rosa.  This  family  of  earthworms 
is  placed  by  some  zoologists  amongst  the  Limicolae,  because  of  the  position  and 
structure  of  the  clitellum,  the  length  of  the  vas  deferens,  and  the  position 
of  the  ovaries  in  some  species.     Terricolous. 

Fani.  2.  Periohaetidae.  With  numerous  setae  in  each  segment  arranged  in  a^ 
continuous  circle,  or  with  dorsal  and  ventral  gaps  ;  male  pore  nearly  always  on 
18.  Gizzard  always  present;  intestine  frequently  with  two  (sometimes  more) 
caeca  and  a  rudimentary  typhlosole.  Nephridia  diffused  or  paired.  Spermiducal 
glands  generally  lobate  ;  penial  setae  present  or  absent ;  spermathecae  with  one 
or  two  diverticula. 

Perichaeta  Schmarda,  very  active,  setae  usually  in  a  continuous  row,  nephridia 
diffuse,  mainly  tropical,  Oriental,  also  in  Australia,  Europe  and  America; 
Megciscolex  Templeton,  setae  interrupted  dorsally  and  ventrally,  nephridia  diffuse 
and  paired,  Australian  and  Oriental;  Pleionogaster  Michaels.,  Philippines; 
Perionyx  Pcrr.,  tropics  Old  World  ;  Diporochaeta  Bedd.,  N.  Z.  and  Australia. 

Fani.  3.  Cryptodrilidae.  Terrestrial,  sometimes  aquatic,  with  8  setae  per 
segment.  Clitellum  variable  in  extent,  occupying  some  or  all  of  segments 
12  to  23,  usually  complete  anteriorly.  Spermathecae  one  to  five  pairs,  placed 
anteriorly,  nearly  always  with  one  or  two  diverticula.  Male  pores  on  segment 
17  or  18,  opening  independently  of  or  into  the  distal  non -glandular  part  of  the 
si^ermiducal  gland,  which  is  either  tubular  or  lobate.  Penial  setae  generally 
present.  Nephridia  paired  or  diffuse.  The  large  number  of  new  forms  which 
have  been  described  make  it  a  difficult  matter  to  separate  the  genera.  In  most 
parts  of  the  world,  but  mainly  tropical,  specially  Australian.  This  family  inter- 
digitates  with  the  AeantliodriUdae  and  with  the  Perichaeiidae^  from  which  the 
only  difference  is  the  character  of  8  setae  per  segment,  which,  indeed,  is  shared 
by  the  anterior  (though  not  the  posterior  part  of  the  body)  of  MegascoUx. 
Microscolcx  Rosa,  mainly  S.  America  ;  Pontodrilus  Perr. ;  Typhaeus  Bedd. ; 
DichogasUr  Bedd.;  Deodrilus  Bedd.;  Millsonia  Bedd.;  /'/(;^eroci{rt7u«  Michaels; 
Trinephnis  Bedd.,  3  pairs  of  nephridia  in  each  segment;  Digaster  Perr.; 
Megnscolides  McCoy  ;  M.  australis  Spencer,  the  giant  earthworm  of  Gippsland, 
1  "23  m. ;  Cryptodrilus  Fletcher ;  the  last  five  genera  are  mainly  confined  to 
Australia ;  Microdrilus  Bedd.,  Java,  very  active  ;  Oordiodrilus  Bedd.,  mainly 
trop.  Africa ;  Ocnerodrilu^  Eisen,  America  and  Africa  ;  Naniwdrilus  Bedd., 
West  Africa,  aquatic. 

Fam.  4.  Aoanthodrilidae.  Large  or  small,  usually  terrestrial,  rarely  aquatic. 
Setae  8,  12,  or  numerous.  Male  pore  on  18  ;  i)ore8  of  s{>erniiducal  glands, 
which  are  tubular   structures  generally   with    penial   setae,   on    17    and   19. 
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permathecae  generally  2  pairs  in  8  and  9,  with  diverticulum  or  diverticula, 
his  family  is  closely  connected  with  the  last.  AcaiUhodrilus  Perr.,  paired 
3phridia,  entirely  from  the  Southern  hemisphere ;  Diplocardia  Ganiian  ; 
ctoehaetus  Bedd.,  nephridia  diffuse,  N.  Z. ;  Kerria  Bedd.,  American ;  Deinodrilus 
edd.,  with  pericardium,  N.  Z. ;  Plagiochaeta  Benh.,  N.  Z. ;  Trigaster  Benh., 
t.  Thomas  ;  Benhamia  Michaels,  diffuse  nephridia,  mainly  tropical  Africa. 

Fam.  5.  Endrilidae.  Size  variable,  with  paired  nephridia ;  in  some  genera 
ephridial  ducts  as  networks  in  body-wall,  with  numerous  external  openings ; 
)tae  in  couples,  sigmoid  ;  spermiducal  glands  always  present ;  sperm-ducts 
pen  into  these  glands  at  some  distance  from  external  orifice.  Spermathecae 
f  present)  unpaired,  and  opening  outwards  near  the  female  genital  pores, 
snerally  replaced  by,  or,  if  present,  enclosed  in  coelomic  sacs,  which  are 
-equently  connected  with  the  other  parts  of  the  female  reproductive  system, 
a  some  genera  the  male  and  female  generative  openings  are  unpaired.  With 
le  exception  of  Eudrilus  the  family  is  restricted  to  Africa. 

Sub-fam.  1.  ParendrilinL  Integumental  sense  organs  rarely  present. 
Sperm-ducts  without  dilatation  ;  ducts  of  nephridia  brandling  in  body- 
walls  ;  calciferous  glands  modified  or  absent.  Eudriloules  Michaels,  ; 
Reithrodrilus  Mich.  ;  Afegachaeta  Mich. ;  Metadrilus  Mich. ;  Notykiis  Mich. ; 
Parendrilus  Bedd. ;  Unyoria  Mich. ;  Flatydrilus  Mich. ;  Nemertodrilus 
Mich. ;  Libyodrilus  Bedd. ;  Stuhlmannia  Mich. 

Sub-fam.  2.  Endrilini.  Integumental  sense  organs  present.  Calciferous 
glands,  paired  and  unpaired,  of  the  usual  structure.  No  integumental 
nephridial  network  ;  8|>erm-ducts  with  dilatation  immediately  following 
funnel.  Eudrilus  Perr. ;  Eminoscolex  Mich. ;  FolytoreiUus  Mich. ;  Preussiii 
Mich.  ;  Paradrilus  Mich.  ;  Hyperiodrilus  Bedd.  ;  Heliodrilus  Bedd. ; 
Alvania  Bedd. ;   Teleudrilus  Rosa. 

Fam.  6.  Oeosoolioidae.  Size  various,  sometimes  aquatic.  Setae  8  in  a  segment, 
aired  or  irregular  in  arrangement.  Clitellum  saddle-shaped  except  in  Diachaeta 
nd  Ilyogeniaf  u.sually  rather  extensive,  often  furnished  with  modified  setae. 
Tephridia  always  jmired,  rarely  more  than  one  pair  in  a  segment.  Gizzard 
ntcrior.  Male  pores  generally  within  the  clitellum,  with  or  without  spermiducal 
lands.     Spermathecae  without  diverticula. 

Sub-fam.  1.  Oeosoolioinae.  Spermathecae  one  to  four  pairs  in  the 
neighbourhood  of  the  gizzard.  All  tropical  American  except  llyogenia 
from  Natal.  Prestomium  absent  in  Pontoscolex^  Duichaeta,  and  Onycho- 
chaeta  (as  in  Deodrilus).  Hhinoflrilus  Perr.;  GeoscoUx  Leuck. ;  Spargano- 
philus  Benham  ;  Sp.  tavusis  Benham,  England ;  Trichochneta  Be<ld. ; 
Onychochaeta  Bedd. ;  llyogenia  Bedd.  ;  Tykonus  Mich. ;  AiUev^  Perr. : 
Pontoseolex  Schm. ;    Urobenua  Benh. ;   Diachaeta  Benh. 

Sub-fam.  2.  Miorochaetinae.  Spermathecae,  if  present,  usually  near 
female  apertures,  nearly  always  minute,  and  generally  numerous  in  each 
segment.  Copulatory  papillae  furnished  with  special  glands,  and  usually 
with  modified  setae.  Old  world.  Criodrilus  Hoffmeister ;  Microchaeta 
Perr  ;  Callidrilua'iiL\c)i.\  iTywo^tts  Mich. ;  Olyphidrilus 'Rovst  \  Annadrilus 
Horst ;  Iformogctster  Rosa,  Italy  ;  Alma  Or.  {Siphonogastcr  Levinsen),  with 
long  paired  penial  processes ;  Bilimha  Rosa  ;  Brachydrihis  Benh. ,  ovaries 
said  to  be  in  12. 

Fam.  Lumbricidae.  Terrestrial  (rarely  aquatic),  of  moderate  size.  Setae 
.  in  a  segment.      Male  (lores  usually  on  15,  rarely  on  12  or  13.      Clitellum 
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saddle-shaped,  begins  souie  way  behind  the  segment  of  the  male  pores.  Donal 
pores  present.  Gizzard  single,  at  end  of  oesophagas.  Nephridia  paired  and 
similar.  No  spermiducal  glands  or  penial  setae.  Tubercula  pnbertatis  nearly 
always  present.  Cosmopolitan,  but  most  characteristic  of  Palaearctic  and 
Nearctie  regions.  Allurus  Eisen,  male  pores  on  13 ;  Tetragonus  Eisen,  male 
|)ores  on  12  ;  Allolohophora  Eisen,  prestomium  incompletely  divides  buccal  lobe, 
male  pores  on  15,  no  median  seminal  reservoirs  ;  A.  terresirU  Sav. ,  spermathecae 
in  9  and  10  resp. ;  Lumhricus  Eisen,  prestomium  completely  divides  buccal 
segment,  male  pores  on  15,  two  median  seminal  reservoirs  occupying  segments 
10  and  11  into  wliich  open  three  pairs  of  sperm -sacs,  spermathecae  two 
pairs,  in  9  and  10  resp. ;  L.  ruhelltts  HofTm.,  clitell.  27-32,  tul>ercula  pnber- 
tatis 28-31, 1st  dorsal  pore  7/8.  Male  pores  almost  invisible  ;  L,  hereuleui  Sav., 
the  common  earthworm  of  this  country,  number  of  segments  180,  ditellnni 
32-37,  tubercula  pubertatis  33-36,  1st  dorsal  pore  7/8,  male  pores  conspicuona. 

Glass  m.     HIBXJDINEA.* 

Elon/jaied,  vei'mi/orm  Annelida  with  anterior  and  posterior  gucken^ 
witfwut  setae  (except  Acanthobdelln)  or  parapodia,  and  with  median 
genital  openirir/s.  Coelom  usually  broken  up  into  numerous  inter- 
conununinating  spacer.     Hermaphrodite, 

The  Hintdiiwa  have,  owing  to  certain  superficial  resemblances, 
often  been  associated  with  the  Trematodaj  with  which  group  they 
have  however  nothing  in  common.  They  are  in  reality  segmented, 
coelomate  animals  with  distinct  affinities  to  the  Oligochaetous 
Chaetojjoda.  These  affinities  are  specially  obvious  in  the  genus 
Acanthobdella,  in  which  there  are  setae  in  the  anterior  segments 
embedded  in  pits  in  the  body-wall,  and  a  spacious  body-cavity 
divided  by  transverse  septa  into  chambers.  In  tlie  typical  Leeches 
the  coelom  is  difficult  to  trace  completely  in  the  adult,  but  it  is 
undoubtedly  present  in  the  embryo  in  the  usual  Annelidan  form  of 
a  series  of  paired  cavities  in  the  mesoblastic  somites;  and  these 
cavities  give  rise  in  the  adult  to  the  sinus  system,  and  indirectly  to 
the  tubes  of  the  botryoidal  tissue;  likewise,  though  in  a  modified  and 
veiled  form,  to  the  gonads  and  nephridia.  A  vascular  system  is 
present,  and  by  many  anatomists  is  regarded  as  being  continuous 
Avith  the  sinus  system ;  but  this  continuity  is  doubtful,  and  in  the 

•  S.  Ai)athy,  **  Siiss-wasser  Hirudineen,"  ZooL  Jahrb.,  3,  1888,  p.  725.  Id., 
"Analyse  der  iiusseren  Kbrj)erform  der  Hirudineen,"  JV'a/>/<fs  Jfiltheilungeny  S, 
1888,  p.  153.  A.  Oka,  •'Beitnige  z.  Anat.  d.  Clepsine,"  Z. /.  w.  Z.,  58,  1894, 
p.  79.  Fr.  Ijeydig,  "Circulations — u.  Rcspirationssystem  v.  Nephelis  u.  Clcp- 
sine,"  Ber.  d.  K.  Zoot.  Anst.  zu  Wiirzburg,  1849.  Id.,  "Zur  Anat  v.  Piscicola 
geonietrica,  etc.,"  Z.  f.  w.  Z.,  I.  E.  Ray  Lankester,  **0n  the  connective  and 
vasifactive  tissue  of  the  medicinal  leech,"  Q.J.M.  S.^  20,  1880,  p.  307.  A.  G. 
Bourne,  *' Contributions  to  the  Anatomy  of  the  Hinidinea,"  Q.  J,  M,  S.,  24, 
1884,  p.  419.  C.  O.  Whitman,  "The  Leeches  of  Japan,"  Q,  J.  M.  8.,  26,  1886, 
j».  317.     A.  Moquin-Tandon,  Monographic  des  HirudiiUeSt  Paris,  1846. 
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t  state  of  our  knowledge  cannot 
mitted.  Externally  the  body  is 
d  by  a  number  of  transverse 
-the  anmdi — which  are  short, 
aay  be   more  or  less   indistinct. 

rings  do  not  correspond  with 
itemal  segments,  which  may  be 
bed  by  incomplete  partitions;  but 
jonstitute  much  shorter  portions 
le  body,  three  (Branchellion, 
ne)y  six  (IchthyoMellaj  Callio- 
Pontohdella)j  five  (Hirvdo\ 
(Piscicolu)  of  them  corre- 
ng  to  one  internal  segment, 
ds  the  two  ends  of  the  body  the 
its  are  reduced  in  the  number 
5s,  and  in  other  respects, 
re  is  always  a  posterior  sucker, 
lie  constitution  of  which  a  num- 
:  true  segments  (six  or  seven) 
and  generally  an  anterior  sucker 

anterior  end  of  the  body;  both 
atral.  The  anus  opens  dorsal  to 
•sterior  sucker,  and  the  mouth  is 
)  ventral  surface  in  the  anterior 
.  The  animal  moves  in  a  looping 
r  by  means  of  its  suckers.  There 
►  parapodia,  or  setae  (except  in 
iohdella),    or    head    appendages, 

one  genus  (Branchellion)  there 
i-like  branchial  processes  on  the 
5  part  of  the  body, 
the  annuli  in  transverse  rows 
ranged  the  so-called  segmental 
ugans  or  sensory  papillae.  The 
ement  of  these  differs  on  the 
nt  annuli  of  a  segment,  but  is 
me  for  corresponding  annuli  of 
nt  segments.  On  the  head  some 
Be  organs  are  modified  into  eyes 
to  the  cup-shaped  organs.     The 

2  L 
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Fio.  ilb.—Hirudo  medicinalis  show- 
ing the  segmenta  according  to 
Whitman,  and  illostrating  the 
enumeration  adopted  in  the  text 
(after  Whitman,  fh>m  Lang).  The 
5  ijairs  of  eyes  are  marked  by  the 
larger,  the  segmental  senae-organs 
by  the  smaller  black  dots ;  the 
openings  of  the  nephridia  by  ob- 
long marks  {2p-17p).  The  rings  are 
counted  on  the  right,  the  segmenta 
on  the  left.  SOISl  marks  the  i)osition 
of  the  male,  S51S6  of  the  female 
genital  opening,  an  anus ;  hs  pos- 
terior sucker  which  is  supposed  to 
consist  of  7  segments  fUsed  together. 
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skin  is  also  often  highly  coloured,  owing  to  the  presence  of 
pigment,  not  only  in  the  cutis,  but  to  a  certain  extent  also  in  the 
epidermis. 

The  clitdlum  consists  of  a  glandular  development  of  the  skin  of 
the  9th,  10th,  and  11th  segments  (HOth,  11th,  and  12th).  Amongst 
the  Gnatliohdellidae  it  is  most  developed  in  Nephdis ;  in  Hirudo  it 
is  inconspicuous.  The  genital  openings  are  on  the  10th  and  11th 
segments*  (Whitman,  Oka)  the  male  opening  being  in  front  of  the 
female  (Fig.  415). 

According  to  tho  most  recent  statements  the  Hirudinea  possess,  without  ex- 
ception, 33  segments,  some  of  which  are  however  always  reduced.  A  troe 
segment  is  determined  by  the  presence  of  a  ganglion,  so  that  S3  ventral  ganglU 
can  be  made  out  It  must,  howerer,  he  admitted  that  these  ganglia  are  not 
easy  to  see.  The  number  is  arrived  at  in  this  way :  the  suboesophageal  ganglion 
consists  of  5  ganglia  (Whitman,  Oka) ;  then  follow  21  single  free  ganglia,  and 
then  one  composite  one  consisting  of  7  fused  ganglia. 

Apathy  also  makes  33  segments,  but  according  to  him  the  suboesophageal 
ganglion  consists  of  6,  and  the  last  ganglion  also  of  6.     His  enumeration  is  as 
follows.    Tho  body  is  divisible  into  six  regions,  viz.  the  region  of  (1)  the  head, 
(2)  the  clitellum  and  prcclitellum,  (3)  the  stomach,  (4)  the  intestine,  (5)  the  anus, 
and  (6)  the  posterior  sucker  ;  of  these  tlie  anal  region  contains  three  segments,  the 
rest  six  each.    The  head  region  consists  of  six  more  or  less  reduced  and  shortened 
segments,  four  or  five  of  which  may  enter  into  the  formation  of  the  sucker.  Segment 
1  is  always  eyeless,  and  segment  6  possesses  eyes  only  in  the  ten-eyed  Onathobdell- 
idae.    The  mouth  is  on  the  ventral  surface,  and  its  anterior  limit  is  at  least  two 
segments  from  the  front  end  of  the  body.     The  preclitellar  segments  are  7,  8,  9, 
and  the  clitellar  segments  are  10,  11,  12.     Of  the  12  segments  of  the  middle- 
body,  i.e.f  of  the  stomach  and  intestine,  the  first  and  last  are  usually  reduced, 
but  the  2nd  to  the  11th  are  complete,  and  each  contains  the  number  of  rings 
characteristic  of  the  genus.     The  anal  region  contains  three  segments  much 
reduced  ;  the  anus  is  in  the  dorsal  middle  line  at  most  two  segments  in  front  of 
the  sucker.     Tho  post-anal  segments  are  all  incorporated  in  the  sucker — some  of 
them  being  invaginated  into  it ;  they  are  six  in  number,  as  is  shown  by  the 
constitutiou  of  the  last  ganglion. 

The  body-wall  consists  of  a  single  layer  of  epidermis  cells  with  a 
cuticle ;  a  cutis  containing  pigment  cells  and  blood  vessels,  both  of 
which  intrude  into  the  epidermis;  an  outer  circular  and  an  inner 
longitudinal  layer  of  muscles.  The  muscular  fibres  are  tubular,  «>., 
they  consist  of  an  outer  cortex  of  striated,  presumably  differentiated, 
contractile  substance,  and  an  inner  core  of  granular  matter,  in  which 
lies  the  luicleus.  Unicellular  glands,  opening  on  the  surface  and 
secreting  a  mucous  fluid,  are  found  in  great  numbers  in  the  epidermis 

*  Apathy  makes  the  genital  openings  in  segments  11  and  12,  and  the  clitellum 
to  include  10,  11,  and  12.  Bourne  agrees  with  the  position  in  the  text,  if  wo 
allow,  as  Oka  does,  that  the  suboesophageal  ganglion  consists  of  5  fused  ganglia. 
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)r  Bunk  in  the  cutk,  or  even  amongat  the  muecles.  The  ditellar 
glands  are  specially  enlarged  modifications  of  the  ordinary  skin  gland, 
md  are  found  deeply  situated  in  the  clitellar  region ;  they  secrete  a 
;Iear  viscid  substance  which  quickly  liardens  outside  the  body  and 
is  used  to  form  the  cocoons  when  the  eggs  are  laid.  Within  the 
muscles  there  is  a  connective  tissue,  in  which  the  various  organs  are 
embedded.     These  organs  we  may  now  proceed  to  consider. 

The  central  nerrons  syBtem  has  the  typical  Annelidan  character 
if  two  ventral  cords  closely  approximated,  but  diverging  from  one 
mother  in  front  to  pass  round  the  oesophagus.  There  is  a  bilobed 
swelling  dorsal  to  the  alimentary  canal  constituting  the  supra- 
oesophageal  ganghon,  and  supplying  the 
cephalic  senee-organs ;  and  a  series  of 
swellings  on  the  ventral  coids,  each 
of  which  gives  off  two  pairs  of  nerves. 
These  ventral  ganglia  are  segmental  in 
their  arrangement,  but  are  partly  fused 
anteriorly  and  posteriorly.  Thus  in  the 
suboesoph^eal  ganglion  and  ctrcum- 
oesoph^eal  commissures  five  (or  six) 
ganglia  can  bo  made  out  (Fig.  416); 
these  belong  to  the  first  five  (or  six) 
segments  of  the  head  region.  The  last 
ganglion,  which  supplies  the  sucker, 
consiats  of  seven  (or  six)  ganglia 
fused,  and  between  these  two  composite 
ganglia  there  are  twenty-one  separate 
ventral  ganglia*  (Fig.  424).  Tliere  is 
an  unpaired  median  longitudinal  nerve 
passing  from  ganglion  to  ganglion  be- 
tween the  two  halves  of  the  ventral 
cord  and  a  system  of  vuceral  nerves 
which  was  discovered  by  Brandt.  The  )■  ~ 
latter  consists  of  an  intestinal  nerve, 
which  arises  from  the  brain  and  runs 

close  to  and  above  tlie  ganglionic  chain;  (»nerLByiiig).  ceerabraignngiiun, 
it  sends  branches  to  supply  the  caeca        *"''    >abo»oph.gMi    gaDgUoni.^ 

OKSii ;  Sp  vlMJeml  nervoa ;  A  tyt* ; 

of  the  etomacli.     Ttit«e  ganghn,  winch        si  MDH^rguii. 


Interior  and  of  fllrad" 


*  According  to  Bourne's  enumeration  iliere 
ints  the  eubocsopbaf     '        '         '    '  " 

former  be  allowed  st  b 


iie  23  ventraJ  ganglia,  but  lio 
lion  as  single  ganglia  ;  if  the 
makes  tlie  total  number  S3. 
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in  the  common  leech  he  in  front  of  the  brain,  and  send  their  nerve- 
plexuses  to  the  jawa  and  pharynx,  ar«  considered 
by  Leydig  to  be  eiJargements  of  cerebral  nerres, 
and  veiy  likely  control  the  movements  which 
occur  in  swallowing. 

The  alimentaiy  canaL  The  mouth  leads  into 
a  muscular  pharynx  provided  with  salivaiy  glands. 
In  the  Rhyneobddlidae  the  anterior  part  of  the 
pharynx  is  protractile  and  highly  muscular;  it 
forms  the  so-called  proboscis.  In  the  Gttalho- 
bdelluiae  the  anterior  part  of  the  pharynx  projecU 
as  three  prominent  ridges,  over  which  lie  the 
three  serrated  chitinous  plates  or  jaws  (Fig.  417). 
OccasionaUy  the  jaws  are  reduced  in  number 
{Geobdella),  or 
they  may  be  vesti- 
gial (Trochelia), 
or  entirely  ab- 
sent (LepfoeUytna 
edeniuluui).  The 
pharynx  (Fig. 
418}  is  followed 
by  a  tubular 
oesophagus  (in- 
conspicuous in 
Hinulo),  which 
leads  into  B  tliin- 
wallc<l     stomach 

(sometimes  called  the  crop  or  proventriculua)  pro- 
vided with  paired,  segmentally  arranged  lateral 
caeca.  These  vary  in  number  in  different  forms, 
and  the  last  ])air  are  much  the  lar^st,  and  extend 
backwards  on  each  side  of  the  intestine.  The 
blood  swallowed  by  the  animal  is  stored  up  in 
these  caeca,  consequently  they  are  beat  developed 
in  forms  which  feed  most  rarely ;  in  Attiattotna, 
which  docs  not  suck  blood  at  all,  but  feeds  on 
small  wonns,  etc.,  the  lost  pair  alone  are  present 
From  the  stomach  a  short  intestine,  the  anterior 
part  of  which  is  often  proviiled  with  two  dorsal 
caeca  (Hirwio),    leads   back   to   the   anus.     The 
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anterior  part  of  the  intestine  is  Bometimes  called  the  stomach,  and 
the  hinder  part  may  be  distinguished  as  the  rectum. 

The  perivlM6tal  or  body-cavitr  is  a  coelom,  as  is  shown  by  its 
development  and  its  relations  to  the  renal  organs;  but  in  Acaniho- 
hdella  alone  is  it  a  spacious  cavity  divided  by  septa  into  chambers,  as 
in  the  Oligochactes.  In  all  other  leeches  it  is  much  broken  up,  and 
though  retaining  its  relations  with  some  of  the  oi^ns,  e.g.  ventral 
nerve  cords,  principal  blood  vessels,  etc.,  it  is  largely  without  a  peri- 
visceral character,  and  has  the  form  of  longitudinal  canab  or  sinuses 
connected  by  a  complicated  system  of  intercommunicating  spaces. 
This  system  of  canals  and  spaces  is  commonly  called  in  leech 
morphology  the  sinus  gyetem;  the  arrangement  of  it  varies  some- 
what in  the  different  genera. 

Owing  to  the  fact  that  the  sinuB  sygUm  contains  a  fluid  closely  resembling  the 
fluid  in  the  blood-Tessels,  it  baa  often  been  held  to  b«  a  part  of  the  Tsscular  system. 
Leydig  w»8  the  first  to  recognize  the  distinction  between  the  two,  and  in  this  he 
was  followed  by  subsequent  workers.  But  although  it  is  now  recognized  by  the 
niiyority  of  worltcra  that 

the  two  systems  are  dis-  dr 

tiuct,  it  is  still  generally 
held  that  they  are  con- 
tinuous through  tlieir  finer 
hrancheB.  Ibis  view  is, 
as  we  shall  see,  based  on 
insufficient  evidence,  and 
having  regard  to  the  state- 
ments of  Oka  and  BUrger, 

a  fact  that  the  two  sys- 
tems are  separate,  as  has 
been  abown  to  be  the  case 
for  all  other  groups  in 
which  the  matter  has  been 
doMty  investigated. 

In  Clqaine  (Fig.  419) 
there  are  five  longitudinal 
canals:  (l)ainedian sinus, 
which  in  the  region  of  the 
gut  diverticula,  i.e.,  in  the 

middle  part  of  the  body,  is  divided  into  a  dorsal  sinus  enclosing  the  dorsal  blood 
vessel,  and  a  ventral  having  relation  to  the  ventral  blood  vessel,  nerve  cord,  and 
some  of  the  reproductive  organs  (ovaries  and  vas  deferens) ;  (2  and  3}  a  pair  of 
lateral  sinuses  placed  at  the  two  margins  of  the  body  ;  and  (1  and  G)  a  pair  of 
intermediate  sinuses,  which,  in  the  region  of  the  nephridia,  are  broken  up  into 
a  network  of  caoals.  The  median  sinus  la  divided  up  by  a  few  incomplete,  but 
where  they  occur  segmental,  septa.  These  Gve  sinuses  comuiunicate  witli  one 
another  by  numerous  transverae  sinuses,  and  there  is  a  systeni  of  hypodenoal 


FlO-  411^- — DUffnm  lllustmting  th«  inaDgeinent  of  tbf 
eoalom  or  slnui  sfatem  in  the  middle  part  at  tbe  bodr ' 
Cltpiiu  coMplafuta  (arter  Oka),  dc,  xlr,  n^,  k.  kc  tian 
ver»  BlnDHS  conaectlng  the  tniln  longitudinal  alDUHi 

t«Kl;  rl  ventnl  ilnui;  n  nerve  cord;  il  IntinudUte 
■Inui  u  a,  Detwork  Dt  camili  In  this  part  of  the  bodj 
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UDDSea  commuiiicating  with  the  others.  The  flnid  in  the  «■"""■  eontum  1*0 
kinds  of  corpuscles,  the  smaller  are  exutlj  dmilu*  to  ths  corptuclci  of  Ibc 
blood,  the  Urger  are  apparently  detached  Crom  the  epithelium  liniog  the  mma, 
and  are  not  found  ia  the  blood.  That  these  sinuses  are  coelomic  is  ihovn  by 
the  fact  that  the  nephridia  open  into  tbem,  and  that  they  do  not  commiiniate 
with  the  vascular  aystem.  The  latter  fact,  though  loDg  unrecognized  on  uconit 
of  the  difficultj  of  distinguitlung  between  blood-Teasels  aud  the  finer  luniG- 
cations  of  the  dnus  system,  can  hardly  be  disputed  if  Oka  is  cocrect  in  his 
Btatementa  that  the  two  can  easily  be  distinguished  iu  stained  prepanitiiiiii, 
and  that  the  corpuscles  of  the  sinus  fluid  differ  as  above  explained  from  tbmc 
of  Uie  blood.  Hotwver,  derelopmentally  the  two  systems  are  abwIatelT 
distinct. 


Tlo.  420.— Dllgini 


H  HCtloDfl  tbrougb  tuloiu  lecchu  to  tbow  tlis  ntatioa  of  Uip 
■,ha  Dtbcr  orguii.  I.  CUfine.  f,  SirluUi.  >,  FanMida*. 
rroni  PeiTJei).  ■  allincDtary  anal ;  dt  iloml  liniu ;  dc  doiMl 
c,  Ii  liit«nl  ilnui ;  In  Inleial  vsual  i  h  nerve  eord ;  %a  Hphriillo 


In  other  leeches  the  coelom  is  very  similar  (Fig.  120).  Iu  PonlobdeJta  it  is 
even  more  complete  than  in  Cieptiju.  In  Hintdo  the  lateral  sinuses  are  absent, 
and  in  NephtUs  Che  dorsal. 

Vaaciil&t  system.  The  blood  is  colourlees  in  the  Rhynehohddlidat, 
and  coloured  red  with  haemoglobin  in  the  GnathobdeUidae.  In  &U 
CHses  it  has  approximately  the  sainc  colour  as  the  coelomic  fluid.* 
Since  Leydig's  work  the  main  blood  vessels  have  been  distinguished 
3  red  Bod  the  coelomic  Itutd  yellow 
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f Tom  the  longitudinal  canals  of  the  sinus  system  hy  having  thicker, 
often  more  muscular  walls.  The  main  longitudinal  trunks  vary 
considerahly  in  different  genera  (Fig.  420),  hut  however  many  there 
are  they  all  communicate  with  one  another  and  form  a  continuous 
system,  and  are  often  contained  in  one  or  more  of  the  canals  of  the 
coelomic  system. 

In  PaiUobdella  there  are  four  main  trunks,  a  dorsal  and  ventral  and  two  lateral, 
all  contained  in  sinuses  ;  in  Clepnne  there  is  a  dorsal  and  a  ventral,  both  con- 
tained in  sinuses ;  in  Hirudo  and  NephelU  there  are  no  dorsal  and  ventral  vessels, 
but  only  two  lateral,  which  are  not  contained  in  sinuses. 

In  Clepsine  the  dorsal  vessel  is  dilated  into  fifteen  small  chambers,  each  of 
which  possesses  a  cellular  projection  of  its  wall,  which  is  called  a  valve  and 
probably  buds  off  blood  corpuscles.  .Moreover,  the  hinder  part  of  the  dorsal 
vessel  in  this  animal  spreads  out  into  a  sinus,  which  completely  surrounds  the 
intestine  and  opens  into  the  ventral  vessel. 

The  botryoidal  tisane  is  found  in  the  GnathoMellidae,  It  is  a 
brown  pigmented  tissue  which  embraces  the  alimentary  canal,  the 
blood  vessels,  the  main  lacunae  of  the  coelom,  etc.,  "  in  a  word,  it  is 
a  pigmented  tissue,  wliich  in  the  absence  of  a  proper  perivisceral 
cavity  fills  up  all  the  interstices  situated  between  the  organs  it 
invests  "  (Leydig  quoted  by  Lankester).  It  consists  of  swollen  cells 
joined  together  in  anastomosing  rows,  and  containing  tubular  cavities 
continuous  along  the  cells  of  a  row.  These  botryoidal  vessels  contain 
a  red  fluid,  and  constitute  a  tubular  network  lying  between  the 
alimentary  canal  and  body-wall,  and  extending  .into  the  muscles  of 
the  latter.  In  places  they  are  swollen  into  the  botryoidal  sinuses, 
which  are  vesicles  lined  by  botryoidal  cells.  These  are  conspicuously 
developed  in  Nephelis  and  Trochetia  (forms  without  the  dorsal 
sinus),  and  some  of  them  contain  and  receive  the  opening  of  the 
funnels  of  the  nephridia.  They  are  comparable  to  the  so-called 
perinephrostomial  sinuses,  or  parts  of  the  sinus  system  which  contain 
the  nephridial  funnels  in  other  OnathohddlUiae, 

In  Jlirudo  a  similar,  but  less  conspicuous  structure,  formed  of  botryoidal 
tissue  and  containing  the  funnel  of  the  nephridium,  is  present  on  the  dorsal  side 
of  the  testis. 

The  botryoidal  vessels  undoubtedly  communicate  with  the  dorsal  and  ventral 
sinuses,  or  with  extensions  of  these.  From  their  development  (see  below)  there 
can  be  no  doubt  of  their  coelomic  nature,  and  they  clearly  correspond  to  the 
network  of  tubes  which  connect  together  the  main  sinuses  of  the  Khyncho- 
bdellidtze,  in  which  group  botryoidal  tissue  is  absent.  As  in  this  group  they 
contain  a  fluid  similar  in  colour  and  character  to  the  blood  (red  in  the  GncUho- 
hdellidcie),  and  this  similarity  has  led  to  the  view  that  the  sinus  system  and 
vascular  system  are  continuous  in  both  divisions  of  the  Hiritdinea,  As  we  have 
already  seen  (p.  517),  no  observations  have  been  brought  in  support  of  this  for  the 
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EhynchobdeUidae ;  on  tbe  contrary,  Ok&  has  ahown  that  in  Cleptiiu  no  kA 
coDtinuity  exists ;  but  far  ths  OjuUhnbdellidaf  Me  have  the  statemente  of  Boonw 
and  Lankester  that  tliey  hive  seen  botryoidal  tabes  and  amall  blood  Tcsseli  in 
direct  continuity,  and  the  statement  of  Burger,  in  direct  oppoaition  to  the  tbore, 
that  in  ttie  yonug  NcphclU  the  two  syatema  are  aeparate,  and  contain  diEecmtlf 
coloured  fluids. 

la  neighing  tliese  atateoients,  we  tnuat  not  forget  (1)  that  it  is  eitniiulj 
unlikely  that  animals  so  closely  uniilar  in  other  respects  as  the  OnatKMtUiiae 
and  Shynehobdellidae  should  differ  in  such  an  important  point  of  structure ;  (2) 
that  the  sinus  network  and  the  small  lilood  vessels  are  intermingled  in  tlie 
greatest  complexity  of  arrangement,  and  that  the  walla  of  both  have  a  <ery 
similar  structaro,  and  that  they  contain  a  very  dmilar  fluid,  and  therefore  minht 
very  easily  be  mistaken  for  one  another,  and  (3)  that  a  continuity  Intween  Ihi 
vascular  system  and  the  undoubted  coelom  of  the  sinuses  would  be  s  uniqui 
phenomenon  in  the  structure  of  the  animal  kingdom.  The  bearing  of  that 
considerations  is  obvious,  their  weight  indubitable ;  and  it  is  clear  that  nntil 
more  detailed  and  elaborate  observations  in  BQpport  of  the  view  of  contiDiiily 
are  forthcoming,  we  are  bound  to  hold,  provisionally  at  any  rate,  that  in  tte 
Leeches,  as  in  other  animals,  the  blood  system  and  coelom  are  separate  from  one 
another.  This  position  is  itill  further  strengthened  when  ws  remember  tint 
dcvelopmenUUy  the  two  systems  are  separate,  and  if  continuity  exists  it  is  only 
established  comparativoly  late  in  life,  after  the  larval  and  embryonic  period. 


lak 


,— Dlisramiiuitlc  nprsHnUtlon  of  ■  naphrldLnm  ot  CUptiiu  (iRsr  Oka),  a  the 
inUrlor  divlilon ;  §  the  pMterlor  divlilon  ;  y  tba  in«dian  divliloD  ;  U  th*  langlDsUon  ot 
■klDiMpicsiviil*;  dr  glandular  celt!  of  Ihe  nephitdlmn ;  lab  labyrinthk  coll  of  nepbridiil 

Tlie  nephridia  vary  in  numbei  in  the  different  genera,  and  even  in 
species  of  the  same  genua.  They  are  absent  from  the  anterior  and 
posterior  part  (Fig.  424),  and  are  best  developed  in  the  middle 
region  of  the  body.  They  consist  (Fig.  421)  of  a  long  convoluted 
canal,  which  opens  at  one  end  to  the  exterior  on  the  ventral  surface 
of  the  body,  and  at  the  other  internally  into  some  part  of  the  sinus 
system  (see  above,  p.  618).  The  part  of  the  organ  next  the  external 
opening  (sometimes  as  in  Hirtulo  dilated  into  a  vesicle)  is  probably 
derived  from  an  invagination  of  the  skin,  and  is  intercellular;  the 
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remainder  is  intracellular,  and  is  described  as  conaistiug  of  a  row 
of  tubular  cells  fitted  end  to  end  like  drain-pipes.  On  account  of 
the  long  convoluted  character  of  the  nephridium,  different  parts  of  the 
cell-rowa  are  in  contact,  and  where  this  happens  the  cells  of  ttie 
different  rows  are  not  distinguishable  save  by  their  nuclei.  At 
some  parta  of  its  course  the  main  tube  of  the  nephridium  gives  off 
branching  ductules  in  the  protoplasm  of  the  nephridiid  cells.  Just 
before  the  internal  opening  is  reached,  the  nephridium  often  becomes 
dilated  into  the  cap- 
sule (Oka),  vrhich  con- 
sists of  a  protoplasmic 
wall  with  embedded 
nuclei  and  an  internal 
mass  of  cells,  which 
are  partially,  sometimes 
completely,  fused  with 
one  another  {Fig.  421). 
On  reaching  the  cap- 
sule the  intracellular 
tube  of  the  nephridium 
branches  out  into  a 
number  of  branching 
and  anastomosing  fine 
ductules,  which  open 
into  a  space  between 
the  wall  and  central 
mass;  this  space  leads 
into  the  funnel,  and 
IB  most  developed  near 
the  point,  where  that 
structure  is  connected 
to  the  capsule.  The 
funnel  itself  and  its 
stalk  consist  of  protoplasm  without  cell-limits,  but  containii^  a  few 
nuclei ;  it  is  ciliated,  and  the  cilia  are  directed  towards  the  capsule. 

In  Ponlebdella  (Fig.  423)  and  Branchtlliim  the  nephndisl  system  consists  of 
■  network  of  holloir  cells  extending  from  segment  to  segment,  &nd  acroas  the 
middle  line.  In  esch  of  the  segmenta  in  which  the  nephridUl  octwork  is 
found  there  sre  connected  to  the  network  two  internal  openings  (of  the  usiul 
stracture,  a  sjncjtial  ciliated  Ainncl  and  nmk,  and  a  capsule),  and  two  ventral 
external  openings. 

In  Cleptine  (Fig.  423  C)  and  Hirado  (Fig.  423  B)  the  nephridial  tube  is  much 
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tiriated,  and  givu  off  bnnchiiig  dactutn  just  before  reubing  the  a 
(Fig.  422). 

In  Hintdo  the  intfrnal  opening  is  a 
large  itrncture,  and  b  trm&t  apon  the 
capsule  (Fig.  122) ;  it  ii  divided  ap  into 
gevenl  ciliated  ipoon 'Shaped  openings, 
and  baa  the  nsnol  BTucjrtikl  character. 

In  Hinidon>ediciTuitisihBn  are  17  pairs 
of  oephridia ;  the  first  one  is  in  the  Mg- 
meot  of  the  2nd  free  ganglion,  the  last 
one  in  that  of  the  IBth  ganglion.  The 
first  six  «re  without  internal  funneU ; 
the  remainder,  Che  Grat  nine  of  vhich 
an  in  the  aegneuta  of  the  testes,  and 
the  last  two  in  the  segTuenta  behind  the 
testes,  possess  internal  openings  at  the 
end  of  the  testis-lobe.  The  teatis-lobe  it 
a  process  at  the  nephridium  which  pro- 
jects towards  the  middle  line,  and  in  the 
testis  aegmenta  abuts  upon  the  testis. 


D,  nnbranched  canal 


.    (After  Bourne.) 


phaguH  through  Uia  n 
tpldldymli ;  «.  1-tS  tha  v«nusl  KU- 
Klia ;  ifI.  lEluiilular  UllitlOD  of  ofidnel : 
I.e.  literal  blood  T«seli  I.L,  Lii».,U. 
bnnchtfl  of  ths  HID*  1  vpA.,  or  ik  S-r 
Iha  17  palr«  or  nephrfdEa;  <n  drcDJii- 
oeBOphA^eal  comuduure  of  tin  lelt 
Bide;  00  ov»ry-  jw  peBl«;  u  J-e  lie 
9  psin  of  tut«. 
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lative  organs.  The  Hirudinea  are  hermaphrodite.  As  in 
larine  Planaria,  the  openings  of  the  male  and  female  organs 
ced  one  behind  the  other,  the  male  being  anterior,  in  the 
ventral  line  of  the  anterior  region  of  the  body.  In  Hirudo 
alts  the  male  opening,  which  in  the  GnatJiobdellidae  is  pro- 
nrith  a  protrusible  penis,  is  in  the  segment 
6th  distinct  postoral  ganglion  (11th  segment 
g  the  suboesophageal  ganglion  as  consisting 
sed  ganglia),  and  the  female  opening  in  the 
b  behind  (Fig.  424). 

reproductive  glands  are  hollow  structures,  and 
tinuous  with  their  ducts. 
B  are  usually  several  pairs  of  testes  arranged 
bally,  but  in  Nephelis  they  are  arranged  irre- 
In  Hinulo  (Fig.  424)  there  are  nine  or 
PS  of  testicular  vesicles,  which  are  connected 
t  ducts  with  a  sinuous  vas  deferens  on  either 
Each  vas  deferens  is  coiled  in  front  to  form 
)f  epididymis  (Fig.  425),  and  is  then  prolonged 
muscular  portion,  the  ductus  ejaculatorius, 
unites  with  that  of  the  other  side  to  form 
aired  evereible  organ  called  the  penis,  with 
emal  end  of  which  is  connected  a  well- 
ed gland — the  prostate.  The  female  apparatus 
}6)  consists  either  of  two  long  tubular  ovaries 
ng  over  several  segments  {ClepstJiey  NepTidis), 
vo  short  saccular  structures.  The  ovaries  may 
oin  together  at  tlie  genital  opening  (Clepsine), 
•  walls  may  be  continued  as  the  two  oviducts, 
oon  join.  The  single  oviduct  so  formed  becomes  convoluted, 
ses  through  the  albumin  gland,  after  which  it  becomes  dilated 
stitutes  the  vagina  which  opens  to  the  exterior  (Fig.  426). 
reproductive  cells  are  produced  by  the  cells  lining  the  re- 
ive glands,  which  must  be  regarded  as  special  parts  of  the 
(sinus  system)  wliich  have  become  shut  off  from  the  rest  in 
ity  with  their  ducts.  This  separation  of  the  generative  part 
coelom  from  the  rest  takes  place  as  we  have  seen  in  some 
aeta. 

spermatozoa  are  united  together  in  packets — the  spermato- 

There  does  not  appear  to  be  any  true  copulation,  but  the 

ophores  are  deposited  on  the  body  of  another  leech,  whence 


Fio.  425.— Genera- 
tive organs  of  the 
Medicinal  Leech. 
7  testis ;  Vd  vas 
deferens;  Nh 
epididymis;  Pr 
prostate;  C 
penis;  Or  ovaries 
with  vagina  and 
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the  Bpermatozoa  appear  to  make  their  way  through  the  skin  and 
tissues  to  the  ovarian  tuhes,  where  it  b  probable  that  fertiliiatioB 
occurs.*  This  process  of  cutaneom 
injection  of  spermatozoa  is  found  in 
other  groups,  amongst  which  maj  be 
mentioned  Turbeilaria  and  Peripatut. 

The  eggs  are  usually  laid  in  cocoons 
{Fig.  426  a)  either  on  stones  or  planle 
(Nephelit,  Clep*ine),  or  in  damp  earUi, 
the  animal,  if  aquatic,  leaving  the 
water  for  the  purpose.  The  cocoon  i* 
fonned  by  the  clitellar  glands.  When 
the  eggs  are  about  to  be  laid  the 
leech  attaches  itself  firmly  by  its 
ventral  sucker,  and,  twisting  itself 
about,  envelops  the  anterior  port  of 
the  body  with  a  viscid  mass,  which 
covers  especially  the  genital  rings  like  a  giidle  and  groduallj 
hardens  to  form  a  firm  membrane.  A  number  of  small  eggs  and 
a  considerable  quantity  of  albuminous  matter  in  the  case  of  the 
Gnathobdellidae,  then  pasa  out,  and  the  animal  withdraws  its 
anterior  end  from  the  barrel-shaped  membraiie,  which  now  contains 
eggs,  etc.,  and  which,  after  the  animal  has  left  it,  becomes  in 
consequence  of  the  narrowing  of  the  external  openings  a  tolerably 
completely  closed  cocoon. 

The  nunilwr  of  eggs  contained  in  a  cocoon  varies,  but  is  never 
large.  The  eggs  of  the  GtiathohdelUdae  are  small,  and  the  young 
are  hatched  early  and  float  as  larvae  in  the  albumen  which  they 
swallow.  In  the  Rhyncltobdellidae  the  eggs  are  larger  and  contain 
more  yolk ;  they  are  hatched  at  a  later  stage.  Clepsine  (see  p.  526) 
attaches  its  cocoon  to  stones  and  broods  over  it  till  the  young  are 
hatched,  which  takes  place  at  an  early  at^e ;  the  young  then  attach 
themselves  to  the  ventral  aide  of  the  mother,  and  are  carried  about 
liy  her,  living  on  albumen  secreted  by  her. 

The  dflTelapment  is  characterized  by  the  early  gpecialiution  of  the  so-called 
pole-cells  (neuro-ne|)hrob1asta,  mesoblasla],  snd  by  the  forniBtiaa  from  them  of 
cords  of  cells  with  a  deliDite  destination.  This  characteristic  ia  not  confined  to 
the  embryo,  but  ia  found  kIso  iu  the  sdult,  nhcre  the  rows  of  cells  of  which  the 
nepliridia  and  botr; oidal  tissue  are  both  formed,  not  to  apeak  of  the  eKg-stnngs, 

a  means  of  hypodermic  impregnation," 
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are  striking  features.  The  segmentation  is  unequal.  The  mouth  is  formed 
early,  and  through  it,  after  the  formation  of  the  pharynx  and  rudiments  of  the 
alimentary  canal,  the  albumen  contained  in  the  cocoon  is  taken  into  the  intestine 
of  the  growing  embryo  by  means  of  swallowing  movements  of  the  pharynx. 

In  the  Onathobdellidae  it  appears  that  a  considerable  part  of  the  larva  is  cast 
off  in  the  attainment  of  the  adult  stage,  e.g,  the  ectoderm,  muscles,  pharynx, 
and  provisional  kidneys.  The  development*  resembles  in  many  respects  that  of 
the  Oligochaetes.  This  particularly  applies  to  the  origin  and  fate  of  the  mcso- 
blastic  bands.  They  aiise  from  two  pole-mesoblasts  and  become  segmented  into 
tomiUSj  each  of  which  soon  acquires  a  cavity — the  coelom.  The  somites  spread 
ventrally,  and  unite  with  one  another  across  the  middle  line.  In  this  ventral 
part  the  walls  between  successive  somites  break  down,  and  a  continuous  tube  is 
formed — the  ventral  sinus — while  in  the  lateral  parts  they  give  rise  to  the  septa, 
which  in  an  incomplete  manner  persists  throughout  life.  In  this  way  arise  the 
ventral  sinus  and  the  lateral  sinuses,  while  partial  obliteration  of  the  connection 
between  these  (intermediate  sinus  of  CUpsine)  and  diverticula  of  them  give  rise 
to  the  complicated  sinuses  of  the  adult. 

The  ncphridia  arise  from  a  single  large  cell  of  the  somite-wall,  which  pro- 
liferates and  produces  the  characteristic  cord,  which  becomes  the  nephridium — 
the  strings  of  botryoidal  tissue  appear  to  arise  in  a  very  similar  manner  from 
large  cells  of  the  somite  wall  which  produce  strings  of  cells  by  proliferation. 
In  both  cases  the  cell-cords  become  hollow,  the  lumen  communicating  with  the 
coelom.  The  botryoidal  sinus  in  Nejihdis^  which  contains  the  nephridial  funnel, 
is  directly  derived  from  the  lateral  part  of  the  primitive  somites,  the  segmenta- 
tion of  which  is  retained.  If  this  account  of  the  origin  of  the  botryoidal  cords 
is  correct,  it  would  appear  that  they  resemble  the  nephridia  closely  in  their 
development,  structure,  and  relations  to  the  coelom,  and  we  must  regard  them, 
like  the  nephridia,  as  special  organs  of  the  coelom. 

The  ovaries  arise  as  thickened  patches  of  the  coelomic  epithelium  in  parts  of 
the  coelom  which  become  constricted  off  from  the  rest;  the  ducts  arise  by 
prolongation  of  the  sac  so  formed  to  the  skin  of  the  ventral  surface.  The  testes 
arise  on  each  side  from  a  continuous  ridge  of  cells,  which  separates  from  the 
peritoneum  and  becomes  hollowed  out  into  the  testes  and  vas  deferens. 

The  terminal  parts  of  the  nephridia  and  generative  ducts  are  developed  from 
ectodermal  ingrowths. 

Asexual  reproduction  is  unknown  in  the  group.  The  leeches  live 
Jor  the  most  part  in  water,  or  temporarily  in  damp  earth.  A  few  of 
the  Gnailiobdellidae  are  true  land  forms,  and  have  lost  the  power  of 
swimming.  Comparatively  few  are  marine,  and  they  belong  to  the 
IchthyohdelUdae,  They  move  partly  by  "looping,"  witli  the  help  of 
their  suckers,  and  partly  ])y  swimming  with  active  undulations  of  the 
body.  Many  of  them  are  parasitic  on  the  skin  or  gills  of  aquatic 
animals;  most,  however,  are  only  occasionally  parasites  of  the  outer 
skin  of  warm-blooded  animals.  They  do  not  feed  exclusively  on  any 
special  genus  of  animals,  and  their  diet  is  not  always  the  same  in  the 
different   periods  of    their   existence.     The   caeca   of    the   stomach 

*  O.  Burger,  Zoologische  Jahrhucher,  4,  1891,  and  Z.f.  w.  Z.,  68,  1894. 
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enable  them  to  store  up  a  large   quantity  of  food,  and  many  of 
them  are  able  to  go  without  food  for  a  long  period. 

Fam.  1.  Bhjnehobdellidae.  With  coloiirless  blood,  with  a  protraitible  pro- 
boscis, without  jaws.  Each  typical  segment  consists  of  8,  6,  or  12  rings.  The 
6 -ringed  forms  are  all  marine  except  IfaemetUaria,  Organs  concerned  in  the 
formation  of  blood  corpuscles  (so-called  valves)  are  often  present  in  the  dorsal 
vessel.     Without  botryoidal  tissues. 

Sub- fam.  1.  lohthyobdellidae.  Marine  and  fresh -water  leeches,  parasitic 
for  the  most  part  on  fishes.  With  cylindrical  body.  The  proboscis  is  not 
longer  than  the  preclitellum.  IchthyobdeUa  Blainv. ,  on  marine  fish  ;  Pit- 
eicola  Blainv.,  on  fresh-water  fish ;  Pontobdella  Leach,  marine,  on  sharks 
and  rays  ;  Branchellion  Sav.,  with  foliaceous  lateral  appendages;  B,  tor- 
pedinis  Sav. ;  Calliobdella  v.  Ben.  and  Hesse  ;  Ozobranckus  Qfg.,  with 
branchiae,  in  the  mouth  of  tortoises,  crocodiles,  pelicans. 

Sub-fam.  2.  Clepsinidae.  Fresh-water  leeches,  generally  parasitic  on 
snails,  but  also  on  fish.  With  dorsoventrally  compressed,  never  cylindrical 
body.  The  proboscis  is  longer  than  the  preclitellum.  Clepsine*  Sav., 
common  fresh-water  form.  They  brood  over  their  eggs,  which  are  attached 
to  some  foreign  body.  In  two  species  hioeulata  and  heterodita  the  eggs 
are  attached  to  the  ventral  surface  of  the  body.  After  hatching  the  young 
attach  themselves  to  the  ventral  surface  of  the  mother.  BatrachelbdeUa 
Viguier,  on  Batrachians,  Algeria  ;  Haementaria  de  Fil. ;  ff.  mexicana  de  FiL, 
H,  officinalis  de  Fil,  both  in  the  lagunes  of  Mexico,  the  latter  used  for 
medicinal  purposes  ;  H.  Ohilanii  de  FiL,  in  the  Amazon. 

Fam.  2.  Onathobdellidae.  Fresh-water  and  land  leeches  with  jaws,  without 
protrusiblc  proboscis,  with  red  blood ;  the  complete  segments  have  five  rings. 
With  botryoidal  tissue. 

Sub-fam.  1.  Nephelidae.  With  19  complete  segments;  the  sexual 
openings  are  separated  from  one  another  by  two  rings.  Eyes  are  never 
present  on  the  6th  segment,  4  pairs  only.  Nephelis  Sav.  (fferpobtUUa 
Blainv.),  without  hard  jaws,  feeds  on  snails  and  planarians ;  Liostomum 
Wagler  ;  L.  lumhricoideSy  lives  in  the  earth  after  the  fashion  of  earthworms, 
which  it  resembles,  Brazil.  Macrobdella  Phil.;  Trochetia  Dutroch.,  jaws 
vestigial,  without  teeth,  4  pairs  of  eyes  ;  it  is  a  water-leech,  but  leaves  the 
water  to  feed  on  earthworms,  continent  of  Europe,  has  been  introduced  into 
England  ;  Arcluteobdclla  O.  Grimm,  A.  esmonti  O.  Grimm,  from  the  mud 
at  the  bottom  of  the  Caspian. 

Sub-fam.  2.  Himdinidae.  With  16  complete  segments  ;  sexual  oi)eniugs 
separated  by  5  rings ;  5  jmirs  of  eyes.  Hirudo  Ray  and  Linnaeus,  with 
102  rings ;  eyes  on  the  three  anterior  rings,  and  on  the  fifth  and  eighth ; 
male  o|)ening  between  rings  30  and  31,  female  opening  between  nngs  36  and 
36.  The  three  jaws  are  finely  serrated,  and  can  be  moved  like  a  circular 
saw  in  a  manner  well-adapted  to  make  a  wound,  which  readily  heals,  in 
the  external  skin  of  man  ;  aquatic,  but  deposits  its  cocoons  in  damp  earth. 
H.  medicinalis  Ray,  with  the  variety  distinguished  as  officinalis,  possesses 
80-90  fine  teeth  on  the  free  edge  of  the  jaws,  and  attains  a  length  of  about 
6  inches.    They  were  formerly  common  in  Germany,  and  are  still  frequently 

*  The  genus  Oiossiphonia  Johnson  has  priority  over  Clepsine^  but  whether  it 
is  advisable  to  give  up  a  name  so  well-known  as  Clepsine  is  a  doubtful  question. 
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to  be  roniul  in  Hnngarj  ajid  France.    They  &ra  cultiTftted  in  special  ponds, 
and  take  three  years  to  attain  seiiul  maturity.     Id  the  young  ataKe  they 
live  on  the  blood  of  insecta,  then  on  that  of  frogs,  and  only  when  they  have 
attained  sexual  maturity  is  a  diet  of  warm  blood  necessary  to  them.    Aitha- 
loma  Moq.  Taud.,  often  called  the  horse-leech,  feeds  on  worms  and  moUuics, 
last  pair  of  gut-caeca  alone  preient ;  A.  ffulo  U.  T.     ffaemapia  Sav. ;  S, 
vorax  H.  T.,  the  horse-leech,  indigenous  iu  Europe  and  N.  Africa,  attaches 
itself  to  the  intcriar  of  the  phsrynx  of  horses,  cattle,  and  men  ;  jaws  with 
30  denticles.      Hnfmadipia  Tennent,  the  laud-leech,  iu  forests  or  damp 
districts  in  or  near  the  tropics  ;  OtobtUlla  Whitnun,  Australian  laud-leeeh  ; 
ZeploiUnna  Whitman,  jaws  vestigial ;  LimnalU  M.  T.,  4  pairs  of  eyes,  jawa 
without  denticles,  fresh-water  ;  Z,  nilotiea  H.  T. 
Fsm.  3.     AMathobdellldM.*    Fish  parasites  from  Siberia,  on  caudal  and  anal 
tins   of  Salmo   aalvelinus,   with   two 
double  TOWS  of  setae  on  each  side  on 
the  first  6  segments  of  the  body  (Fig. 
437).      The   setae   are   embedded    in 
Mitigeroue   sacs   which    are    provided 
with   retractor  muscles.     Body  com- 
posed of  20  segments  ;  male  opening 
on  segment  7,  female  on  segment  S. 
Anus  dorsal  to  sucker  (KowalevskyJ, 
4  or  6  rings  to  one  segment.     Body- 
cavity     Bpttcioua     and     incompletely 
divided   by  20   segmental   transverse 
septa.    The  nephridia  are  in  the  dis- 
sepiments, and  open  between  the  seg- 
ments;  internal  openings  not  observed. 
The  visceral    (leritoncum   consists   of      „      ^.  _„    ,   ,    .        .  micrior  aiid  ot 
chlorsgogen  cella.    The  vascular  syateui  jranlAnMcUa,  ahowing  the  leUe  .s',  ind 

consists  of  a  dorwl  and  ventral  vessel.  rrnerve  hIh  Sr  (ifter  Kawalevaky). 

The   nervous   system   consists  of   20 

ventral  ganglia,  of  which  the  liret  and  last  are  composite.  Testes  as  two 
Goutinuoiis  tiiliee  in  segments  6-lG,  Ovaries  as  two  tubes  in  segments  8-13. 
The  genital  ducts  are  presumably  continuous  with  the  glands.     Acanlh^ibiUlta 

CluB  IV.    ECHnTBOmEAt  (OEFHTBEA  ABMATA). 

Annelula  with  variable  traces  of  (tegmenialion  in  fke  oiUdt ;  with  a 
tcdl-inarkeil  preoral  lotie  and  a  pair  of  ventral  hooke-l  setae. 

Tlic  Echiwoitlea  were  formerly  united  with  the  Sipuncul<n-iea  in 
the  cUsa  Oephyrea.     In  the  present  work,  however,   it  liaa  been 

*  A.  Kowaievsky,  Bull.  Acad.  Imp.  de$  Stience)  St,  Ptterabourg,  June  and 
Nov.,  1898,  T.  V. 

+  E.  Gi'eef,  "Die  Echiuren,"  AW.  Act.  Lcop.  Car.,  41,  1879.  J.  Sponge!, 
"DieOivnnisaUondesEchiurusPallasll,"Z./.tc.  Z.,34, 1380.  D.  C.  Dsnielssen 
and  J,  Keren,  "G«p]iyrea,"  Xonnegian  A'orCh  AUanlie  Efptdition,  1881.  B. 
Hatschek,  "Utb.  &itwick.  von  Echiuroa,"  Arh.  Zool.  Intl.  ITicn,  3,  1881. 
E.  8«lenka,,"Eeport  on  the  Gepliyrea,"  Challenger  EiporU,  vol.  13,  1886.  M. 
Rietsch,  "Etude  sur  les  Gephyrienn  armi!s,"  Rfcueil  ^  SuUk,  3,  1886.  A.  E. 
Shipley,  "Gaphyrea"in  Camiridge  Nalural  EiHory,  2,  1896. 


deemed  advieablc,  for  reasons  set  forth  on  another  page  (p.  533), 
to  break  up  this  class,  and  to  establish  the  Stjmtumloidea  as  an 
independent  phylum  of  the  animal  kingdom,  with  oFBnities  lo 
PhoronU  and  perhaps  to  the  Armeliiia,  and  the  Echiuroidea  m  an 
aberrant  class  of  the  phylum  Annelida. 

Tlie  Echiuroidea  have  a  somewhat  cylindrical  body,  which  is 
prolonged  anteriorly  into  a  long,  highly  contractile  preoral  probcecis 
(Figs.  428,  429).  They  arc  exclusively  marine,  and  for  the  moel 
part  live  in  holes  and  fissures  in  rocks  and  between  stones ;  fcAiimu, 
however,  frequents  sand  or  mud,  in  which  it  forms  tubes  with  two 
openings.  Many  members  of 
the  class  appear  to  hare  the 
habit  of  frequently  changing 
their  residence.  The  probowiB 
lias  a  ciliated  groove  on  its 
ventral  surface,  which  leads 
behind  into  the  moatb  situated 
at  its  base.  The  animaU  appear 
to  subsist  on  organisms  and 
organic  particles,  which  are 
brought  to  the  mouth  by  the 
currents  of  water  driven  along 
the  groove  of  the  proboscis  by 
the  cilia.  The  uiiis  is  post«ri(^ 
and  terminal. 

There  are  almost  always  two 
hooked    setae    on    the    ventnl 
surface  not  far  from  the  front 
end   (Fig.    428   H);    they  are 
,  , ..  embedded  in  pits  of  the  skin, 

by  the  lining  of  which  they 
I  the  typical  annelidan  manner.  In  Eehiunu  there 
is  in  addition  a  single  or  double  row  of  setae  round  the  hind  end ; 
tlicse  are  the  anal  setae.  A  short  distance  behind  die  hooked  setae 
ai-c  the  ojicnings  of  the  anterior  nephridia ;  tliese  vary  in  number 
from  four  pairs  to  a  single  one. 

The  skin  is  covered  with  small  papillae,  which  are  often  arranged 
in  rings.  The  body-wall  is  highly  muscular,  and  consists  of  the 
usual  layers. 

The  central  aerroos  system  consists,  as  in  the  SijmnetUoidea, 
of  a  ginijle  ventral  cord,  lying  entirely  within  the  body-walL     In 
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front  tliis  coid  dividea  into  two,  whicli  pass  round  tlie  oesophagus 
and  extend  quite  to  the  anterior  end  of  the  proboscis,  where  they 
join  one  another  ^Fig.  428).  There  are  no  ganglionic  swellings,  but 
the  whole  system  has  a  uniform  coating  of  nerve-cells.  The  ventral 
portion,  moreover,  contains  a  fine  canal,  which  extends  into  the 
commissures,  but  is  absent  from  the  hind  end  of  the  cord,  and  from 
the  supra-oesophageal  portion.  The  central  organ  gives  off  nerves 
te  the  adjacent  parts  of  the  body. 
There  are  no  special  sense-organs. 


Fio.  4t».— Feinals  ol  Bontilia  rirldit;  a,  tlie  whole  Inlinal ;  b,  (nitomy;  e,  lutegntnant  ind 
ganerativs  orgniii  nftrr  nmovil  nf  the  iatfutinn  (iRer  L.  Dutbiin).  Abtiti,}  vtaJclaa;  Ad 
ncCDin;  D  lUinenUry  euiti;  Hd  cutanHui  gland* ;  If  maMntery;  Ov  oi-arri  R  prolwiicis 
(pnonllobe):  TrcHitUd  fanDsl  of  the  ningle  brown  tube  or  uit«rlor  DC phridluin  (ateniB) ; 
U  ntemi  (Anterior  ncphriiUnni). 

The  alimentary  canal,  in  which  various  divisions  can  be  made 

oat,  consists  of  a  long,  thin-walled,  much  convoluted  tube,  along  the 
ventral  wall  of  part  of  which  is  a  ciliated  groove.  There  is  also  a 
giphon,  or  accessory  intestine,  like  that  found  in  Echinids  and  some 
Chaetepods;  this  is  a  tube  given  off  ventrally  from  the  anterior 
part  of  the  long  and  coiled  intestine ;  it  lies  ventral  to  the  ciliated 
groove,  and  opens  posteriorly  into  the  liind  part  of  the  intestine. 
There  is  no  special  mesentery,  but  strands  of  tissue  run  from  all 
parts  of  the  body-wall  across  the  body-carity,  to  be  inserted  into  the 
walls  of  the  alimentary  canal. 

2  M 
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The  rectum  reacmbleH  the  skin  in  ite  lining  epithelium,  having 
many  unicellular  glands.  It  receives  the  ojienings  of  the  two  uiil 
vesicles  (Fig.  429,  Ali)  —  one  on  ench  side;  these  are  elongated 
tubular,  sometiinea  branclied,  contractile  structures  which  open  into 
the  body-cavity  by  many  ciliated  openings.  Tliey  are  supposed  to 
\>e  a  pair  of  modified  nepliridia,  the  openings  of  which,  as  in  some 
Oligocliaetes  (p.  502),  have  got  shifted  into  the  rectimi. 

The  periviBceral  cavity  is  spacious  and  entirely  coelomic,  and 
contains  a  corpusculated  fluid,  the  corpuscles  of  whicli  are  said,  in 
some  forms,  to  contain  haemoglobin. 

The  vaBcnlar  system  consists  of  a  dorsal  vessel,  lying  on  the 
anterior  part  of  the  alimentary  canal  and  continued  along  the 
prolKiscis,  and  of  a  ventral  supra-neural  vessel.  Tliese  two  vessels 
communicate  in  front  and  behind,  and  doubtless  give  off  branches  to 
tlie  org.inti,  though  such  have  not  been  described. 

The  renal  orgatu  are  constituted  by  the  so- 
called  brown  tubes  or  anterior  nephridio,  and 
the  anal  vesicles  or  posterior  nepliridia.  The 
anterior  nepliridia  closely  resemble  in  form  and 
relations  the  brown  tubes  of  Sipun^tlus ;  they 
are  attached  to  the  ventral  body-wall  at  their 
external  o]>eningEi,  and  project  back  into  the 
body-cavity  as  long  blind  tubes ;  the  internal 
opening,  as  in  Sijmnevlus,  is  close  to  the  ei- 
tenial.  They  function  also  as  generative  ducts, 
and  the  generative  cells  are  collected  in  them 
Ijefore  extrusion,  for  which  reason  they  are 
sometimes  called  uteri.  They  vary  in  number 
from  one  to  four  pairs.  In  Echiui-us  tJvere  are 
two  pairs,  but  in  TTtalasseiiia  the  number  varies 
in  the  different  species  from  one  to  four  pairs. 
In  Bonellia  there  is  only  one  hrown  tube  (Fig, 
429),  sometimes  on  the  right  side  and  some- 
times on  the  left  The  posterior  nephridia  or 
anol  vesicles  liave  already  been  described. 

The  sexes  are  separate,  and  the  generative 
cells  are  derived  from  that  portion  of  tlie 
coelomic  epithelium  which  overlies  the  ventral 
(sni>ni- neural)  vessel  (Fig.  429  h).  They  are 
dehisced  into  the  body-cavity,  where  they 
mature  and   escape  by  the  anterior  nephridia. 


Fio.  <30.-P1wa 


Speiitiel).   ilin 
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the  males  and  females  are  not  distinguishable  externally  except 
in  Bonetlia  and  Harningia,  in  which  there  is  a  very  pronounced 
sexual  dimorphism.  In  these  genera  the  female  has  the  ordinary 
form  of  the  species ;  but  the  male  (Fig.  430)  is  a  minute  (in 
Bonellia  1-5  mm.  long)  pknarian-like  organism  which  lives  in 
considerable  numbers  as  n  jmrasite,  principally  in  the  uterus  and 
pliarynx  of  the  female.  It  possesses  an  alimentary  canal  which  is 
without  any  opening  to  the  exterior;  the  skin  is  ciliated,  and 
contains  muscular  fibres ;  there  is  a  body-cavity,  the  lining  cells  of 
which   give   rise   to   spermatozoa ;    there   is  also   a   single   anterior 


region  or  the  Bchi-n 
(iR«r  BtUchsk). 


nephridium  which  opens  to  the  exterior  at  the  front  end  of  the 
body,  and  internally  into  the  body-cavity  at  its  hind  end.  Small 
vestiges  of  the  anal  vesicles,  whicli  open  directly  on  the  surface  of 
the  body,  can  be  made  out,  and  in  both  the  genera  the  hooked 
setae  are  present. 

Dsrelopment.  In  the  Echiuroidea  a  tyjiical  troclioaphere  larva 
(Fig.  431)  has  Iwcn  ol>served  in  Eehiurtu  and  TJialofsema,  with  a 
strong  preoral  circle  of  cilia  {Pne),  in  addition  to  which  there  is  also 
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a  delicate  postoral  circle  (Potc).  In  Eckiunu  early  in  larval  life  an 
excretory  organ,  the  bead-kidney  or  pronephros  (K2i)  h  developed, 
one  on  either  side ;  and  behind  it  a  pair  of  mesoblastic  bands  make 
their  appearance,  and  become  divided  up  in  subsequent  developtaent 
into  the  rudiments  of  15  pairs  of  mesoblastic  somites  (Fig.  431,6). 
In  the  terminal  segment,  which  is  surrounded  by  a  circle  of  cilia, 
there  appear  in  the  somatic  mesoderm  the  rudiments  of  the  anal 
vesicles  (Fig.  431,  AS).  The  rudiments  of  both  the  cerebral  ganglioD 
and  of  the  ventral  cord  are  derived  from  growths  of  the  ectodeim— 
the  former  from  the  apical  plate,  and  the  latter  from  paired  thicken- 
ings of  the  ventral  ectoderm.  The  two  are  connected  by  the 
oesophageal  ring,  which  is  also  provided  with  ganglion  cells.  In 
later  stages  the  segments  disappear,  and  tbe  ciliary  apparatus 
degenerates  and  vanishes ;  after  which  two  strong  hooked  setae 
appear  at  the  side  of  the  nerve  cold,  not 
far  from  the  mouth,  and  two  circles  of 
shorter  setae  are  formed  at  the  hind  end 
of  tbe  body  (Fig.  432).  The  preoral  lobe 
of  the  larva  becomes  the  proboscis  of  the 
young  Eehiurtts.  In  Thaiaatema  the 
development  is  very  similar,  and  the  meso- 
blastic bands  are  segmented.  In  Boneilia, 
on  the  other  hand,  no  traces  of  segmentation 
have  as  yet  been  observed,  and  the  larva  is 
not  so  obviously  built  on  the  trochoepheie 
type. 

In  view  of  tlie  developmeDt  of  Eckiuna  and 
Thalaaatma,  it  ia  difficult  to  resist  the  coaclnsioD 
that  the  Eehiaroidta  ore  Annetiila,  a  conclusion 
vrhicb  ia  further  emphaaized  by  the  presence  in  all 
genera  of  typical  Aonelidan  setae  embedded  in  and 
secreted  by  pita  of  the  akin.  It  is  curioua  that  in 
Boncllia  the  trochoapbere  atage  ia  so  much  modified, 
and  especially  that  no  traces  of  segmented  meso- 
blaatic  bandi  ahould  be  seen.  With  regard  to  the 
latter  point,  however,  it  must  not  be  forgotten 
that  a  renewed  iuveatigation  may  yet  bring  to 
tight  some  traces  of  larval  segments.  We  may 
therefore  regard  the  EdiisiToidea  as  Annelida  in 
which  the  aegmentstion  is  feeble,  showing  faintly 
in  the  youtig,  but  except  in  tbe  repetition  of  the 
nephridia  {e.g.  Thaliuaeiaa  vfith  three  paira  of 
tintarior  and  one  [lair  of  posterior  nepbridia), 
being  absent  from  the  adult. 
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The  resemblances  between  the  Sipunculoidea  and  Echiuroidea  have  been 
referred  to  above.  They  formerly  led  to  the  union  of  the  two  groups  in  the 
class  Oephyrea^  and  they  consist  mainly  in  the  resemblance  between  the  brown 
tubes  of  the  former  and  the  anterior  nephridia  of  the  latter,  in  the  spacious 
character  of  the  coelom  in  the  two  groups,  and  in  the  singleness  of  the  ventral 
nerve  cord.  As  to  these  we  may  remark  that  nephridia  tend  to  resemble  each 
other  in  groups  much  more  remote  from  each  other  than  those  under  discussion, 
that  a  spacious  coelom  is  found  in  many  widely  divergent  forms,  and  that  the 
singleness  of  the  ventral  cord,  though  an  iioportant  feature,  is  not  of  itself 
sufficient  to  outweigh  the  following  most  important  differences:  (1)  the  difference 
in  the  position  of  the  anus ;  (2)  the  absence  of  a  preoral  lobe  in  the  S%punc%i^ 
loidea ;  (3)  the  absence  of  anal  vesicles  in  the  same  group ;  (4)  the  absence  of 
any  traces  of  Annelidan  setae ;  and  (5)  the  total  absence  of  any  trace  of 
s^mentation  in  the  larva  and  in  the  adult. 

Eehiurus  Guv.  (Fig.  428).  Proboscis  not  bifurcated  ;  anal  setae  in  one  or  two 
rows ;  two  pairs  of  anterior  nephridia ;  males  and  females  alike.  E.  paHasii 
Gu^rin,  N.  Sea.  English  Channel,  etc. 

Thalcusema  Gaert.  Proboscis  not  bifurcated  ;  no  anal  setae  ;  one  to  four  pairs 
of  anterior  nephridia  ;  sexes  alike.     Th.  neptuni  Gaert.,  English  Channel,  etc. 

Bonellia  Rolando  (Fig.  429).  The  animals  are  of  a  green  colour,  owing  to  the 
presence  of  a  pigment  distinct  from  chlorophyll,  and  called  bonellein.  Proboscis 
bifurcated ;  no  anal  setae ;  a  single  anterior  nephridium  ;  sexual  dimorphism 
pronounced.     B.  viridis  Rolando,  North  Sea,  etc. 

Hamingia  Dan.  and  Kor.  Proboscis  not  bifurcated ;  no  ventral  hooks  and 
no  anal  setae  ;  one  or  two  anterior  nephridia ;  sexual  dimorphism  pronounced  ; 
males  provided  with  ventral  hooks.     H,  arctica  D.  and  K. 

Saccosoma  Dan.  and  Eor.  Proboscis  absent ;  no  hooks  or  setae  ;  one  anterior 
nephridium  ;  male  unknown.     S,  vUreum  D.  and  K. 

EpUhUosoma  Dan.  and  Kor. ,  may  be  placed  here,  though  it  differs  considerably 
from  other  Echiuroidea,  The  proboscis  is  long  and  whip-like,  and  contains  a 
cavity  continuous  with  the  body-cavity.  Posterior  to  this  tubular  proboscis, 
on  either  side  of  the  anterior  extremity  of  the  trunk,  is  a  fissure,  the  bottom  of 
which  is  pierced  with  apertures  leading  into  the  body-cavity.  There  are  no 
hooks  or  setae,  and  no  anal  vesicles.  The  mouth  is  at  the  base  of  the  proboscis, 
and  the  anus  is  posterior ;  the  alimentary  canal  is  straight.  The  nerve-cord 
contains  a  tube.     Vascular  system  not  observed. 


CHAPTER  XII. 

SIPUNCULOIDEA*  (Gephyrea  Achaeta). 

Unsegmerded  vermiform  animals  mth  a  spacious  coelom,  antero- 
dorsal  anus,  and  one  pair  of  nephridia.  The  anterior  part  of  the 
body  is  invaginable. 

As  stated  before  on  p.  451,  we  have  thought  it  necessary,  in  the 
present  state  of  our  knowledge,  to  break  up  the  old  group  Gephyrea 
into  (1)  the  Echiuroidea  {Gephyrea  armata)  which  remains  with 
the  Annelida,  (2)  the  Sipunculoidea  (Gephyrea  Achaeta)^  (3),  the 
Priapuloidea,  and  (4)  Phoronidea  {Gephyrea  tvhicola).  The  three 
last  of  these  we  advance  provisionally  to  phyletic  rank,  not  being 
able  to  subordinate  them  to  any  other  group.  The  Sipunculoidea 
and  Phoronidea  are  undoubtedly  Codomaia;  but  of  the  Priapuloidea 
we  cannot  say  this,  and  the  fact  that  we  deal  with  them  in  the 
part  of  the  work  devoted  to  coelomate  animals  must  be  regarded 
as  a  concession  to  the  older  view  of  their  relationship  to  the 
Sipuncvloidea,  rather  than  as  an  expression  of  opinion  on  our  part 
that  they  have  a  coelom. 

The  Sipunculoidea  are  elongated,  vermiform  animals  and  live  in 
sand  and  ooze  in  the  sea ;  they  also  bore  in  coral  rock.  The 
anterior  part  of  the  body  is  of  a  different  appearance  to  the 
posterior  or  main  portion;  it  is  called  the  introvert,  because  it 
can  be  invaginated  into  the  larger  posterior  portion  by  means 
of  special  retractor  muscles.  The  mouth  is  placed  at  the  anterior 
end  of  the  introvert  and  is  in  relation  with  a  row  of  ciliated, 
hollow  tentacles,  which  may  be  arranged  in  a  circle  or  in  the 
form   of    a   double   horseshoe,   the    concavity  of   which   is  dorsal. 

*  Keferstein,  ^'Beitragez.  Anal.  u.  syst.  Kcnntnissd.  Sipunculiden,"^./.  «r.  7., 
XV.,  1865.  E.  Seleuka,  "Die  Sipunciiliden,"  Semper' 8  Jteisen,  1888.  D.  C. 
Danielsscn  and  J.  Koren,  "  Gephyre&,'*  The  Norwegian  N,  Atlantic  Expedition^ 
1876-78,  1881.  B.  Hatschek,  "Ub.  Entwick.  v.  Sipunculus  nudus,"  Arb.  Zool 
Inst,  fFien,  5,  1884.    A.  E.  Shipley,  *'  On  PhymoaomA  varians,"  Q,  J.  M.  S.,  31. 
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There  is  no  trace  of  a  preoiul  lobe.  The  anna  is  approximated  to 
the  mouth,  being  placed  on  the  dorsal  surface  about  one-third  of 
the  length  of  the  body  from  the  anterior  end.  The  body  is  devoid 
of  setae,  but  the  introvert  ia  often  covered  by  rows  of  homy  hooks 
or  by  small,  scale-like  papillae  which  are  directed  backwaids  and 
overlap  one  anotlier.  There  ia  no  trace  of  segmentation,  but  the 
skin  is  often  thrown 
into  ridges,  both 
transverse  and  lon- 
gitudinal.      There 


^cial 


of 


organs 
The  body -wall  is 
highly  muscular, 
and  consists  of  an 
ejctemal  cuticle,  a 
single -layered  epi- 
dermis, a  cTitis,  a 
layer     of     circular 


iclei 


thir 


layer  of  oblique 
muscles,  and  a  thick 
layer  of  longitudinal 
muscles  which  are 
often  arranged  in 
bundles;  lastly 
there  is  a  layer  of 
Aat  coelomic  epi- 
thelial cells  beaiing 
'  isolated  cilia.  The 
cutis  contains  nu- 
merous unicellular 
or    multicellular  ,„_„  _„  „ 

glandular     organs  W.   Kefo™i*ln>     Ti  lentMlcs;    a  eenhai  gsngllon;    V(l 

which    open    to    the  ^tnl^i^^B  cord;  D  inl«ttae;  ^  .-.».;  flO  brown  Wb» 

exterior   by   pores ; 

these    structures   have   often   a  marked   nervous   supply   and  have 

been  mistaken  for  sense-organs. 

The  alimentary  canal  is  a  thin-walled  tube  in  which  three  regions 
may  be  distinguished — the  anterior  portion  (oesophagus)  straight  and 
uncoiled,  the  middle  portion  (intestine)  coiled  and  bent  on  itself,  and 
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the  terminal  portion  (rectum)  short  and  straight,  leading  to  the  anus. 
The  intestine  passes  back  to  the  hind  end  of  the  body  and  then  turns 
forwards,  the  two  limbs  being  coiled  spirally  round  one  another. 
Delicate  muscular  bands  pass  from  the  body-wall  to  the  intestine, 
and  there  is  often  a  muscle — the  spindle  muscle — which  extends 
along  the  axis  of  the  intestinal  spiral  from  the  hind  end  of  the 
body  to  the  rectum.  There  are  no  special  glands,  but  a  caecal 
diverticulum,  which  varies  much  in  size  in  different  individuals 
and  opens  into  the  rectum,  is  often  present.  Two  tufts  of  tissue 
are  also  attached  to  the  rectum;  they  were  formerly  supposed  to 
be  vestiges  of  the  anal  vesicles  of  the  EchiurMea,  The  alimentary 
canal — particularly  the  intestinal  portion — is  generally  full  of  sand, 
excepting  along  a  ciliated  groove,  which  extends  along  its  whole 
length. 

The  retractor  muscles  are  usually  four  in  number;  they  are 
inserted  into  the  alimentary  canal  just  behind  the  mouth,  and  arise 
from  the  body-wall  a  little  behind  the  anus  (Fig.  433). 

The  nervous  system  consists  of  a  single  ventral  cord  without 
ganglionic  swellings,  and  showing  no  sign  of  being  formed  of  two 
halves;  it  divides  below  the  oesophagus  into  two  cords  which  embrace 
the  oesopliagus  and  unite  in  a  single  supra-oesophageal  ganglion  on 
the  doi'sal  side  just  behind  the  attachment  of  the  retractor  muscles. 
The  cord  and  ganglion  give  off  numerous  nerves  to  adjacent  parts. 
In  the  dorsal  middle  line,  outside  the  tentacular  circlet,  there  is 
an  ectodermal  pit  which  reaches  as  far  as  the  supra-oesophageal 
ganglion ;  it  is  called  the  cerebral  organ,  and  is  lined  by  ciliated  ceUs. 
In  Physcosoma  {Phyiiiosomd)  the  inner  end  of  this  pit  is  bilobed  and 
lined  with  cells  containing  a  black  pigment;  it  is  embedded  in  the 
substance  of  the  supra-oesophageal  ganglioiL 

The  body-cavity  is  entirely  coelomic  and  very  spacious ;  it  contains 
a  richly  corpusculated  fluid,  which  often  has  a  pink  colour.  The  cor- 
puscles are  of  two  kinds — biconcave  discs,  which  contain  the  red 
pigment  called  haemerythrin,  and  amoeboid  cells.  In  addition  there 
are  found  floating  in  the  coelomic  fluid  the  reproductive  cells,  and  in 
Slpunculus  and  Phascolosoma  some  peculiar  ciliated  structures  called 
"wnw";  these  are  apparently  budded  off  from  the  coelomic  epitheUum 
overlying  the  dorsal  blood-vessel. 

The  vascular  system  is  closed,  and  contains  a  corpusculated  fluid ; 
it  consists  of  a  contractile  vessel  lying  on  the  dorsal  side  of  the 
oesophagus,  and  of  an  annular  vessel  surrounding  the  mouth.  The 
dorsal  vessel  ends  blindly  behind,  and  in  front  opens  into  the  circum- 
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ml  Teasel,  which  eenda  prolongationa  into  the  tentacles ;  it  gives  off 
10  branches.  There  is  often  present  in  addition  a  veeael  on  the 
rentral  side  of  the  oesophagus,  which  also  opens  into  the  ciicumorat 
ressel.  Inasmuch  as  this  system  gives  no  branches  to  the  visceia, 
t  cannot  be  regarded  as  a  nutritive  or  respiratory  organ;  it  is  probaUy 
nainly  concerned  with  expanding  the  tentacles.  A  vascular  system 
s  absent  in  Oncknetoma  and  in  Tylosoma.  There  are  no  special 
>rganE  of  reepiratioii,  unless  the  tentacles  are  such. 

The  nephridia  are  two  in  number ;  they  are  oft«n  called  the  broim 
iibes,  and  open  externally  on  the  ventral  surface  in  the  anterior 
-egion.  They  project  bockwarda  in  the  body-cavity  from  their  attach- 
nent  to  the  skin,  and  they  possess  an  internal  opening  into  the 
lerivisceral  coclom  at  their  anterior  end  close  to  the  internal  opening, 
rhey  have  glandular  walls,  and  serve  to  transmit  the  reproductive 
»11b  to  the  exterior. 


F'lO.  04.— SUfe  of  Sipui 


}pbii1Ec  And  ventiml  pUtei  mrt  bc^nnlDg 
as  mud  the  cllil  or  Uw  hidh  which  ptrTonts 
iiH  secUati;  Kp  cephillc,  Ji^iTentniL  plili: 
irdlan  lanptudlnil  wctlon;  Ocwiophigag; 


The  sexes  are  generally  separate,  and  the  reprodnctiTe  glands  are 
limply  proliferations  of  the  coelomic  epithelium.  In  Si}7uneulus 
iese  proliferations  form  an  annular  thickening  of  the  peritoneal 
ining  at  the  point  of  attachment  of  the  retractor  muscle  to  the 
x>dy-waU.  The  reproductive  cells  ore  dehisced  from  the  generative 
idge  before  they  are  ripe,  and  mature  in  the  body-cavity. 

Fertilization  is  probably  cxtcmaL  In  SipunaduB,  the  development 
if  which  was  observed  by  Ilatschek  on  larvae  taken  in  the  Pantano, 
lear  the  lighthouse  at  the  north  end  of  the  Straits  of  Messina,  there 
a  an  invaginate  gastrula.  The  blastopore  closes ;  the  mouth  and 
inua  being  new  formations.     There  are  two  primaiy  mesoblast  cells 
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n'liich  give  rise  lo  two  mesoblastlc  bands,  which  do  not  unde^ 
aegmeutatioD.  Invaginations  of  the  ectoderm  of  the  animal  pole 
and  ventral  surface  of  the  embryo  give  rise  to  cephalic  and  lential 
plates  respectively  (Fig.  434),  while  the  remainder  of  the  ectodenn 
cells  grow  round  these,  and  form  an  extemoJ  envelope  for  the  embrjo 
of  the  nature  of  a  serous  membrane  (serosa).  Cilia  project  from  the 
latter  through  the  pores  of  the  vitelline  membrane,  and  are  employed 


Fio.  us.— Lun  of  SipHWHlua  (ilt«  Hit- 
•etiEk).  OtnauUi:  Jpipical  plate;  ^Biiiu; 
JVIF poatoni drclK  of  cllli;  ^kidney. 


Fia.4W.— Quite  jomig  SIpHnnilii 
ptill  without  toDtAcLefl  (ftfttr 
HiUchcli).  0  month ;  A  uu>: 
iltTcnUmI  nerra  cord;  Satflt- 
ridiura  (brown  tube);  Ceerebnl 
gugliou  j  By  blood  veael. 


by  the  embryo  in  svimming.  The  cepliolic  and  ventral  plates  soon 
grow  together.  The  mesodermal  bonds  soon  split  into  somatic  and 
splanchnic  layers,  between  wliich  is  the  coelom,  and  give  rise  to 
the  rudiments  of  the  two  nephridia ;  ivliile  the  oesophagus  arises 
as  an  invagination  of  the  ectoderm  of  the  an tero- ventral  region, 
and  a  postoral  circlet  of  cilia  is  formed  behind  it  (Fig.  435).  The 
serous  membrane  is  cast  off  with  the  vitelline  membrane,  and  the 
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larva  then  contains  all  the  essential  organs  of  the  young  Stpunailiis, 
•except  the  ventral  cord  and  the  blood  vessels.  At  a  later  stage, 
during  the  growth  of  the  larva,  the  ventral  nerve  cord  is  developed 
from  the  ectoderm,  the  circle  of  cilia  disappears,  the  first  tentacles 
sprout  out  at  the  edge  of  the  mouth,  and  the  metamorphosis  of  the 
free-swimming  larva  into  the  creeping  young  Sipuncidvs  (Fig.  436) 
is  completed.  The  anus  is  never  posterior,  but  is  dorsal  at  its  first 
appearance.  There  is  a  small  preoral  lobe  with  an  apical  plate  in  the 
larva,  which  disappears  in  the  adult,  the  mouth  becoming  terminal. 
It  is  important  to  notice  that  the  anus  is  on  the  same  side  of  the 
body  as  the  preoral  lobe,  and  is  therefore  truly  dorsal.  Whether  it 
marks  the  morphological  hind  end  of  the  body,  as  it  does  in  PTwronis^ 
or  whether  it  is,  as  described  in  the  text,  on  the  anterior  part  of  the 
true  dorsal  surface,  cannot  be  certainly  determined,  though  from  its 
position  at  its  first  appearance  it  is  reasonable  to  conclude  that  it  is 
^t  least  dorsal  in  position. 

Fam.  Bipunonlidae.    With  the  characters  of  the  order. 

(a)  Longitudinal  muscles  of  the  body-wall  divided  into  bands.  Physcoaama 
SeL  {Phymosoma  Sel. ),  with  papillae  ;  Sipuiwidus  L. ,  without  papillae  ;  ^S*.  nudus 
L.,  English  Channel,  North  Sea. 

(6)  Longitudinal  muscles  continuous.  Phascolosoma  Leuckart,  two  nephridia, 
numerous  tentacles;  P,  vulgare  Blainv.,  English  Channel  and  N.  Sea;  P. 
'ClongcUum  Kef. ;  P.  papillosum  Thompson,  K  Channel ;  Dendrostoma  Grube, 
two  nephridia,  4-6  tentacles ;  Phascolion  Theel,  right  nephridium  only ;  P. 
sirombi  Mont,  E.  Channel. 

(e)  A  distinct  shield  at  the  anus  and  at  the  hind  end,  or  a  calcareous  ring 
round  the  anus.  Aspidosiphon  Grube,  with  both  shields ;  Cloeosiphon  Grube, 
a  calcareous  ring  in  front  of  the  anus ;  Oolfingia  Lankester,  a  preanal  homy 
ring,  and  a  posterior  homy  spike. 

(d)  Two  foliaceous  tentacles.     PetalosUnna  Keferstein ;  P.  minutum  Kef.,  E. ' 
Channel. 

{e)  No  tentacles  or  vascular  system;  one  retractor  muscle  and  nephridium. 
•Oncknesoma  Kor.  and  Dan. ;  Tyhsoma  Kor.  and  Dan. 


CHAPTEB   XIII. 

PMAPULOIDEA.* 

UnsegmerUed  vermiform  animals  with  an  anterior  terminal  mouth 
and  a  posterior  terminal  anus.  The  central  nervous  system  is  not 
separated  from  the  ectoderm^  and  the  renal  and  reproductive  organs 
are  entirely  separate  from  the  body-cavity. 

These  are  vennifonn  animals  which  live  in  sand  and  mud  in  the 
sea.  They  have  a  short  introvert,  and  the  mouth,  which  is  terminal 
and  anterior,  is  surrounded  by  chitinous  teeth.  The  anus  is  terminal 
and  posterior,  and  in  Priapulus  there  is  a  hollow  caudal  appendage 
attached  ventral  to  the  anus,  and  covered  with  a  number  of  hollow 
papillae.  There  are  no  tentacles.  The  body-wall  is  muscular,  and 
the  skin  is  transversely  ridged. 

The  alimentary  canal  is  straight,  or  but  slightly  looped,  and  is 
divided  into  a  muscular  pharynx  lined  with  chitinous  teeth,  an 
intestine,  and  a  rectum. 

The  central  nenrons  system  consists  of  a  circumphaiyngeal  ring 
and  a  ventral  cord,  and  is  throughout  in  continuity  with  the  surface 
ectoderm. 

There  are  no  special  sense-organs. 

There  is  a  spacious  body-cavity,  which  is  probably  a  haemocoele, 
inasmuch  as  it  has  no  connection  with  the  renal  or  generative  organs. 
There  is  no  canalicular  vascular  system,  and  if  the  body-cavity  be 
not  a  haemocoele  it  must  be  admitted  that  the  vascular  system 
is  absent. 

The  renal  and  reproductive  organs  are  paired,  and  have  common 
ducts,  which  open  posteriorly,  one  on  either  side  of  the  anus.  These 
ducts  are  beset  with  two  kinds  of  caecal  diverticula — the  one 
generative  and  the  other  renal.     The  generative  caeca  produce  the 

*  W.  Apel,  '^Zur  Anat.  d.  Priapulus  caudatus  u.  d.  Halicryptus  spinulomis,'* 
Z.  /.  w,  Z,y  42,  1885.  K  Ehlers,  "Ueb.  d.  Gattung  Priapulus,"  Z.  /.  v.  Z,y 
11,  1861.  H.  Schauinsland,  **Die  Ezcret.  u.  Geschlechtsoigane  d.  Priapuliden,'' 
Zool.  Am.,  9,  1886. 
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generative  cells  from  their  lining  epithelium,  and  the  renal  caeca 
are  branched  and  ciliated,  and  terminate  in  pear-shaped  cells,  which 
contain  a  long,  flame-shaped  cilium  projecting  into  the  lumen  of  the 
canaL  It  therefore  appears  that  in  the  PriajptUoidea  the  generative 
glands  are  continuous  with  their  ducts,  and  not  connected  in  any  way 
with  the  body-cavity ;  while  the  renal  oigans  resemble  those  of  the 
Platyhdminthea, 
The  sexes  are  separate,  and  the  development  is  unknown. 

Fam.  Priapulidae.     With  the  characters  of  the  group.    PriapuluB  Lam., 
Halicryptus  y.  Sieb.,  both  found  in  the  North  Sea. 
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Tubtcolous,  hermaphrodite  Coelomata,  tcith  a  tentaculated^  horseshoe- 
shapeii  lophophore,  a  dorsal  anus,  and  one  pair  of  nephridia. 

It  is  convenient  in  the  present  state  of  our  knowledge  to  give 
Phoronis  the  rank  of  an  independent  phylum  of  the  animal  kingdom. 
It  has  been  relegated  by  various  naturalists  to  the  Gephyrea,  the 
Polyzoa,  the  Brachiopoda,  and  even  to  the  Enteroptieusta^  but  to  not 
one  of  these  groups  are  its  affinities  close  enough  to  justify  a  phyletic 
association. 

Phoronis  is  a  coelomate  animal  with  a  vascular  system,  and  an  ecto- 
dermiil  nervous  system.  In  the  adult  state  it  is  sedentary,  and  inhabits 
leathery  tubes,  to  which  particles  of  foreign  matter,  such  as  sand 

gi-ains  and  sponge  spicules,  are 
/^  often  found  adhering  (Fig.  437). 

^yT^  The   animal   can   protrude  the 

anterior  part  of  its  body  from 
the  opening  of  the  tube,  to 
which  it  appears  to  be  but 
loosely  attached. 

A  number  of  individuals  are 
commonly  associated  together, 
their  tubes  being  twisted  round 
one  another;  but  their  bodies  are  not  connected  in  any  way.  We 
are  ignorant  of  the  cause  of  this  association  of  individuals;  it  is 
not  known  that  they  possess  the  power  of  budding  at  any  stage  of 
their  existence.     The  tube  is  secreted  by  the  animal,  very  possibly 

*  W.  H.  Caldwell,  **0n  the  Structure,  Development,  and  AflSnities  of 
Phoronis,"  Proc.  Roy.  Soc.,  1882.  Id.,  "Blastopore,  Mesoderm,  and  Metameric 
Segnientetion,"  Q.  J.  M,  S.,  25,  1885.  W.  C.  Mcintosh,  "Phoronis  Buskii," 
Challenger  Reports,  28,  1888.  W.  B.  Benhani,  "The  Anatomy  of  Phoronis 
australis,"  Q.  J.  M.  S,,  30,  1889.  E.  Metschnikoflf,  "Ueb.  d.  Metamorphose 
einiRer  Seethiere,"  Z.f.  w.  Z.,  21,  1871.  /rf.,  "  Vergl.  Emb.  Studien,"  Ibid,,  87, 
1882. 


Fio.  437,— Three  tubes  olPhoronii  ptiammophila 
(after  CoriX  natural  size. 
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hj  cutaneous  glandB  in  the  ante- 
rior region. 

At  the  anterior  or  oral  end  of 
the  animal  there  is  a  horseshoe- 
shaped  lophophore  entirely  at- 
tached to  the  oral  surface  (Fig. 
438),  no  part  of  it  projecting  as 
in  fresh-water  Polyzoa  (see  Fig. 
441),  The  concavity  of  the 
horseshoe  Is  dorsal.  In  some 
forms,  e.ij.  Ph.  australis,  the  two 
ends  of  the  horseshoe  are  curved 
inwards  into  a  spiral.  The  lopho- 
phore carries  two  rows  of  hollow 
ciliated  tentacles,  between  which 
is  a  groove  leading  into  the 
median  montb.  Overhanging  the 
mouth  on  its  dorsal  side,  i.e. 
between  it  and  the  inner  ten- 
tacles of  tlie  lophophore,  is  a 
laterally  extended  flap  of  the 
body-wall — the  epistome  (Fig. 
438,  ep.).  The  anQB  {an)  is 
dorsal  and  outside  the  lopho- 
phore, at  the  summit  of  a  median 
longitudinal  ridge  (Br),  on  each 
side  of  which  there  b  a  lateral 
ridge  inr),  each  bearing  at  its 
oral  end  a  pore,  the  aperture  of 
a  nephridium  (neo).  Tlie  row 
of  tentacles  on  the  inner,  i.e. 
concave  side  of  the  lophophore, 
is  incomplete  in  the  middle  line. 

The  body  is  elongated  aborally, 
and  may  attain  a  length  of 
6  inches.  Development  shows 
us  that  the  dorsal  surface*  is 
the  area  between  the  mouth  and 


^ ;  lu.d  left  nephridinl 
duct:  nf./  UrgP  nmntl  ot  the  left  nephrf. 
diuiii;  nrV  tmaU  funuBl  of  the  left 
ppplirldlum  ;  nt.o  right  ntphrldlopore ;  o 


'  Caldwell  states  that  the  epistome  is  derived  from  the  prearal  lolie  of  the 
lu-Tft,  but  tliis  is  incon  si  stent  with  tha  atatvmeut  lie  also  makes  that  the  preoral 
lobe  is  awalloned  and  digested  at  the  metamorphosis. 
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the  anus,  the  whole  of  the  abond  extension  of  the  body  being 
ventral.  The  tentacles  possess  within  the  epidennis  a  ring  of  skeletal 
tissue  of  mesoblastic  origin,  and  contain  a  blood  vessel  and  an 
extension  of  the  oral  coelom.  The  body-waU  consists  of  an  ecto- 
dermal epithelium,  a  basement  membrane,  the  usual  two  layers  of 
muscle,  and  internally  the  coelomic  epithelium. 

The  nervons  ssTBtem  lies  in  the  skin  immediately  within  the 
epidermis,  and  outside  the  basement  membrane.  There  is  a  special 
concentration  of  it  round  the  mouth  in  the  form  of  a  circumoral 
ring  (N),  which  is  enlarged  on  the  dorsal  side  between  the  mouth 
and  the  anus  into  what  may  be  called  a  dorsal  or  supra-oesophageal 
ganglion.  This  ring  follows  the  curve  of  the  lophophore  near  the 
base  of  the  outer  tentacles,  and  gives  oflF  nerves  to  the  tentacles 
and  kidneys.  There  are  also  two  tubes  lying  in  the  skin,  and 
extending  aboralwards  from  the  nerve  ring  along  the  insertion  of 
the  lateral  mesenteries.  These  are  probably  large  nerve-fibres  com- 
parable to  the  giant-fibres  of  earthworms,  etc.  Some  punctated 
nervous  tissue  lies  internally  to  the  tube  of  the  left  side. 

There  are  no  organs  of  special  sense. 

On  the  dorsal  side  of  the  base  of  the  inner  series  of  tentacles  are 
two  ciliated  pits,  which  have  been  interpreted  by  some  observers  ae 
glandular  structures,  by  others  as  sense-organs  (gl). 

The  alimentary  canal  is  a  U-shaped  structure  occupying  the  aboral 
extension  of  the  body.  It  presents  four  regions — the  oesophagus; 
the  stomach  (st),  at  the  base  of  the  proximal  limb  of  the  U ;  the 
intestine,  or  second  stomach  (iiit);  and  the  rectum,  which  leads  to 
the  anus.     The  walls  of  the  stomach  are  glandular. 

The  perivisceral  cavity  is  entirely  coelomic;  it  is  divided  at 
the  level  of  the  lophophore  by  a  transverse  septum  (s)  into  a 
small  oral  section,  which  is  continued  into  the  epistome  and 
tentacles,  and  a  larger  posterior  (aboral)  part  in  relation  with 
the  alimentary  and  other  viscera.  This  septum  is  perforated  by 
the  oesophagus,  but  not  by  the  rectum,  the  anus  being  placed 
abomlly  to  it. 

The  posterior  (aboral)  section  is  further  subdivided  by  longitudinal 
mesenteries,  which  run  from  the  gut-wall  to  the  body-wall.  One  of 
these  is  a  median  ventral  mesentery  (a  and  c)  attaching  the  outside 
of  both  descending  and  ascending  limbs  of  the  alimentary  canal  to 
the  body-wall.  Besides  tliis  there  are  two  lateral  mesenteries  passing 
from  the  oesophagus  and  stomach  to  the  body-wall  (Fig.  438,  b).  The 
body-cavity  is  thus  divided  into  three  chambers — a  rectal  chamber 
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lying  between  the  right  and  left  lateral  mesenteries  and  containing 
bhe  rectum,  and  a  right  and  left  chamber  between  the  oesophageal 
md  stomach  part  of  the  median  mesentery  and  the  right  and  left 
lateral  mesenteries.  As  the  lateral  mesenteries  end  before  the  aboral 
ipex  of  the  body  is  reached,  all  three  chambers  are  in  communication, 
[n  addition  to  the  mesenteries,  bridles  of  connective  tissue  pass 
icross  the  body-cavity  from  the  body-  to  the  gut-wall.  The  coelom 
contains  a  corpusculated  fluid,  in  which  the  reproductive  cells  are 
)ften  found  floating. 

The  vascular  system  consists  of  two  main  longitudinal  trunks, 
)ne  lying  in  the  rectal  chamber  between  the  two  limbs  of  the 
ilimentary  canal  {af\  and  the  other  on  the  left  side  of  the  oeso- 
phagus {ef).  These  vessels  are  contractile,  and  are  continuous 
iborally;  they  both  give  branches  to  the  gut- wall  and  gonads. 
Anteriorly  they  pass  tlirough  the  septum,  and  are  both  connected 
with  the  single  vessel  found  in  each  tentacle.  The  blood  consists 
3f  a  colourless  plasma,  containing  nucleated  red  (haemoglobin) 
3orpuscles  in  suspension. 

The  renal  organs  consist  of  two  nephridia,  which  also  act  as 
generative  ducts  and  open  externally  on  each  side  of  the  anus. 
Elach  nephridium,  after  passing  aboral  wards  through  the  septum, 
Dpens  into  the  body-cavity  by  two  openings.  One  of  tliese — the 
smaller  (ne.f) — is  into  the  latei-al  chamber  of  the  body-cavity,  the 
Jther — and  larger  {ne,f) — into  the  rectal  chamber. 

Phoronis  is  hermaphrodite,  and  the  gonads  lie  on  the  left  side  of 
the  stomach  in  the  aboral  region  of  the  body-cavity — the  ovaries  (p) 
3n  one  side  of  the  oesophageal  blood  ve^el,  and  the  testes  {T)  on 
the  other.  They  consist  of  special  developments  of  the  coelomic 
epithelium  overlying  certain  caecal  branches  of  the  oesophageal 
vresseL  The  reproductive  cells  are  dehisced  into  the  coelom,  and 
pass  out  by  the  nephridia. 

Development.  Tlie  eggs  are  smaU,  and  are  probably  fertilized 
sxtemally.  They  undergo  the  first  part  of  their  development 
entangled  in  the  arms  of  the  mother.  They  are  then  hatched  out 
IS  free-swimming  larvae,  which  after  a  certain  period  of  free  life 
imdergo  a  remarkable  metamorphosis,  and  acquire  the  adult  form 
ind  habit.     The  larva  is  called  Actinotrocha. 

There  is  an  invaginate  gastrula,  and  the  blastopore,  which  assumes 
\  slit-like  form,  closes  up  behind,  but  remains  open  in  front  as  the 
mouth.  The  anus  is  formed  as  a  pit  at  the  hind  end  of  the  closed- 
ip  portion.     The  mesoderm  arises  partly  as  cells  budded  off  from 

2  N 
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the  endoderm  on  each  side,  and  partly  as  a  pair  of  diverticula  fram 
the  anal  pit. 

The  fully-formed  larva  has  a  preoral  lobe  covered  wi&  cilia,  * 
ventral  mouth,  and  a  posterior  anus,  and,  like  so  many  larvae,  ha» 
a  gelatinous,  transparent  appearance.  The  preoial  lobe  posaesaes  an 
apical  tliickening  of  ectodenn — the  larval  gai^lion — and  in  some 
!<pecieB  eye-spots. 

Behind  the  mouth  there  is  a  circlet  of  ciliated  larval  tentacles 
(Fig.  439,  Li),  and  behind  these  again  the  rudiments  of  the  adult 
tentacles  may  be  discerned.  On  the  ventral  surface  behind  the 
tentacles  an  invagination  of  skin  is  formed  vrhich  projects  into  th« 
body  of  the  larva.  There  is  a  circlet  of  long  cUia  round  the  aniu, 
and  the  cilia  on  the  margin  of  the  preoial  lobe  are  longer  than  the 
rest,  constituting  a  velar  or  preoral  ring.  It  is  tliis  ring,  combined 
with  tlie  preoral  lobe  and  apical  plate,  which  has  led  naturalbts  to 
r^ard  Aetinolro- 
J,  cha  as  a  modified 

trochoepheie  larva. 
But  this  type  of 
larva  is  found  in 
ao  many  widely 
divergent  groups 
(e.g.  Mollnica, 
Annelida,  Eehino- 
dermata,  Enttro- 
pHeuata),  that  too 
much  attentioQ 
must  not  be  paid 
to  it  as  a  sign  of 
phyletic  affinity. 
In  this  connec- 
tion it  should  be 
noted  that  Ae- 
tinotroeha  differs 
from  the  trocho- 
sphere  of  Molluscs 
and  Annelids  in 
posseaeing  acoelom 
in  the  foim  of  two 
pairs  of  mesoblastic 
sacs  which  not  oitlf 


rt  or  tbe  Un'B  iboTS  U 


ng  AfHitotrocta  wltS 

nntn 

•gl- 

tSeh 

npider).   a,  in 

u  >rllh  elrd 

cof 

■LCl».     The  p 

wr.M 

bei 

th« 

inUi 

poaitlon  or  I 

t  dm 

'"«- 

D  tht  right  hi 

ndgia 

oroni 

(.fUir  H»lMb 

ikoip. 

Di 

Xtf 

PHOBONIDBA.  547 

astitute  a  body-cavity  for  the  larva,  but  also  give  rise  to  the  body- 
idty  of  the  adult  Phoronis, 

After  a  certain  period  of  free  life  the  larva  sinks  to  the  bottom, 
d  undergoes  a  sudden  change  of  form  and  character  which 
istitutes  the  metamorphosis.  The  ventral  invagination  becomes 
iginated,  and  forms  a  tubular  projection  standing  out  from  the 
Qtral  surface  almost  at  right  angles  to  the  long  axis  of  the  larva 
ig.  439,  a).  Into  this  projection,  which  will  constitute  the 
dy  of  the  adult,  and  which  soon  becomes  larger  than  the  larval 
dy,  the  alimentary  canal  passes  and  forms  the  U-shaped  loop 
aracteristic  of  the  adult.  At  the  same  time  the  hind  part  of 
9  larval  body,  or,  as  we  may  now  call  it,  the  anal  papilla, 
comes  less  and  less  conspicuous,  and  eventually  reduced  to  the 
al  projection  of  the  adult.  While  these  changes  are  going  on, 
3  preoral  lobe  with  its  ganglion  and  sense-organs  passes  into  the 
^mach  by  the  oesophagus  and  is  digested.  The  larval  tentacles 
ewise  pass  into  the  stomach.  Meanwhile  the  adult  tentacles  have 
come  fully  formed,  attachment  effected  by  the  aboral  apex  of  the 
w  body  and  the  adult  form  acquired. 

Phoronis  is  exclusively  a  marine  animal,  and  about  6  species  are 
own. 

Phoronis  S.  Wright ;  Ph.  hippoerepia  S.  Wright,  embedded  in  coral  or  lime- 
ne,  Devonshire  Coast,  Firth  of  Forth  ;  Pk,  kowalevskii  Caldwell,  tubes  coated 
;h  sand,  Mediterranean. 

[t  has  been  suggested  by  Caldwell  and  others  that  Pkoronis  has  affinities  to 
i  Polyzoa  and  to  the  Brcuhiopoda,  According  to  this  view  in  all  these 
jnals  the  dorsal  surface  of  the  body  is  reduced  to  the  space  between  the 
uth  and  the  anus,  and  the  preoral  lobe  of  the  larva  almost  or  entirely 
appears  in  the  adult.  There  is  much  to  be  said  for  this  view,  which  is 
ly  discussed  under  the  two  groups  concerned  (pp.  571  and  584). 
i.  T.  Masterman  has  quite  recently  (Q,  •/.  M,  S.,  40, 1897,  p.  281)  endeavoured 
show  that  Actinotrocha  has  EInteropneust  features.  The  principal  data  upon 
ich  he  bases  his  view  are  partly  new  and  partly  old.  The  old  are  the  presence 
two  glandular  pockets  opening  into  the  anterior  end  of  the  stomach,  which 
identifies  as  a  double  notochord ;  on  what  substantial  grounds  it  is  difficult 
see.  The  new  data  are  (1)  the  presence  of  three  sections  of  the  body-cavity: 
one,  unpaired,  situated  in  the  preoral  lobe  and  opening  to  the  exterior  by 
)  pores  placed  on  each  side  of  the  preoral  ganglion,  (b)  a  second  chamber — 
ich  ho  calls  collar  body-cavity— divided  by  a  dorsal  mesentery  but  not  by  a 
itral,  and  opening;  to  the  exterior  ventrally  by  a  pair  of  nephridial  tubes; 
i  (c)  a  posterior  chamber  divided  by  a  ventral  mesentery  and  possessing  paired 
)hridia  or  the  rudiments  of  them.  (2)  The  presence  of  an  ectodermal  pit  in 
nt  of  the  preoral  ganglion,  which  he  calls  the  neuropore  ;  and  (3)  the  presence 
an  ectodermal  pit  on  the  ventral  side  of  the  preoral  lobe,  the  opening  of 
ich  shifts  into  the  stomodaeum,  and  which  he  calls  the  subneural  gland. 


548  PHOBONIDBA. 

Of  these  new  facts  the  second  and  third  derive  any  importance  they  may  have 
in  the  discossion  from  the  names  which  Mastennan  has  given  them.  The  state- 
ments under  (1)  are  more  important,  but  they  are  supported  by  evidence  which 
is  very  insufficient  when  one  remembers  the  size  of  the  edifice  which  he  erects 
upon  them  ;  e.g,^  the  external  openings  of  his  proboscis  pores  are  not  shown  in 
section,  nor  is  either  of  the  openings  of  the  collar  nephridium.  Further,  one 
sees  no  reason  for  speaking  of  a  collar  r^on  of  the  body ;  and  lastly,  the 
development  of  these  most  important  spaces  has  not  been  examined.  All  we 
know  on  this  subject  is  based  on  Caldweirs  observations  that  there  are  two  pairs 
of  coelomic  cavities  in  the  embryo.  The  method  of  development  of  these  spaces 
in  Actinotrocha  is  a  highly  important  one  from  Masterman's  point  of  view,  and 
should,  in  our  opinion,  have  been  examined  by  hinu  For,  in  the  Balanoglcous 
larva,  the  collar  coelom  and  the  trunk  coelom  are  paired,  whereas  the  spaces  in 
Actinoirocha  with  which  he  compares  them  are  not  paired,  but,  however  they 
may  arise  in  the  embryo,  are  continuous  in  one  case  dorsally  and  in  the  other 
ventrally  to  the  alimentary  canaL 


chaptek  xv. 
Phylum  POLYZOA.* 

SmaU  anijnah  usually  united  together  in  colonies.  With  ciliated 
tentacular  crovm^  \J -shaped  alimentary  canal,  and  simple  ganglion. 
With  coeloniy  but  without  vascular  system.  Asexual  reproduction  by 
budding  always  found. 

The  Polyzoa  (J.  V.  Thompson)  or  Bryozoa  (moss-like  animals)  as 
;hey  are  sometimes  called  (Ehrenberg),  are  with  rare  exceptions 
Loxosoma)  colonial  in  habit.  The  colonies,  which  may  present  a 
(uperficial  resemblance  to  colonies  of  Hydroids,  may  have  a  foliaceous 
)r  dendritic  appearance,  or  they  may  form  crusts  on  the  surface  of 
oreign  objects.  The  erect  forms  may  have  a  calcareous  ectocyst, 
md  be  rigid,  in  which  case  owing  to  their  brittle  character  they 
ire  not  found  between  tide-marks ;  or  they  are  flexible.  Flexibility 
nay  coexist  with  a  calcified  ectocyst,  but  in  this  case  there  are 
lomy  joints  at  intervals.  In  such  jointed  colonies  the  part  between 
my  two  joints  is  an  intemode. 

The  individual  zooids  of  the  colony  (Fig.  440)  are  small  polyp- 
ike  organisms,  and  usually  possess  a  homy,  or  coriaceous,  frequently 
^careous,  rarely  gelatinous  exoskeleton,  which  is  really  the  cuticle 
)f  the  zooids,  and  is  secreted  by  the  ectoderm.  This  cuticular  layer 
3  called  the  ectocyst,  and  the  case  formed  by  it  is  the  celL 

The  soft  part  of  the  body-wall,  which  consists  of  ectoderm  and 
nesoderm,  lies  close  beneath  the  ectocyst,  and  is  called  the  endocyst. 
die  ectocyst  and  endocyst  together  constitute  the  zooeciom;  while 

•  T.  Hincks,  **  A  History  of  the  BrUish  Marine  Polyzoa,'*  London,  1880, 
!  vols.  G.  J.  Allnian,  Monograph  of  Fresh-water  Polyzoa,  Ray  Society,  1856. 
K  Busk,  "Report  on  the  Polyzoa,"  Challenger  Reports,  vols.  10  and  17,  1884 
nd  1886.  K.  Kraepelin,  "Die  Deutschen  SUsswasser-B^ozoen,"  Ahh.  Natur- 
viss.  Ver.  Hamburg,  Bd.  x.,  1887,  and  Bd.  xii.,  1892.  E.  C.  Jelly,  Synonymic 
'Catalogue  of  the  Recent  Marine  Polyzoa,  London,  1889.  S.  F.  Hamier,  **  On  the 
Mature  of  the  Excretory  Processes  of  Marine  Polyzoa,"  Quart,  J,  Mic,  Sci., 
oL  88;  and  "On  the  Occurrence  of  Embryonic  Fission  in  Cyclostomatous 
*olyzoa,"  Ihid.,  vols.  34  and  89,  1893  and  1896.  S.  F.  Harmer,  ''Polyzoa,"  in 
he  Cambridge  Natural  History,  London,  1896. 
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the  alimentary  canal  and  tentaclea  are  called  the  polypida  (tot 
origin  of  this  abaurd  nomenclature  see  below,  p.  555),  The  cell 
at,  or  near,  its  anterior  end  has  an  opening  called  the  or^, 
through  which  the  anterior  part  of  the  zooid  can  be  protruded  and 
retracted.  This  anterior  invaginable  part  of  the  body,  which  carries 
a  crown  of  tentacles,  is  also  covered  by  cuticle,  which  is  continuous 
with  the  stiffer  ectocyst  at  the  ori£ce,  but  distinguished  from  the 
latter  by  its  softness  and  flexibility.  At  the  orifice  the  body-wall 
(with  its  soft  cuticle)  is  inraginated  inwards,  and  passes  thence  on 
to  the  anterior  and  extrusible  part  of  the  body.  In  many  Polywa 
this  reduplication  of  the  body- 
wall  is  present  even  when  the 
zooid  is  protruded  {Fig.  440). 
The  greater  part  of  the  anterior 
r^on  of  the  body,  with  its 
crown  of  tentacles,  can  however 
be  protruded  from  the  cell  and 
retract«d  into  it  again  by  special 
muscles — the  parieto-vaginai  and 
the  retTOctor  muscles — which  tra- 
verse the  body-cavity  (Fig.  440). 
That  part  of  the  body-wall  whidi 
encloses  the  space  in  which  the 
tentacles  lie  when  completely 
retracted  is  called  the  terUaele- 
sheaih. 

In  the  CfheHoslomaia  there  is 
I  movable  chitinous  lid,  the 
operculum,  which  can  shut  down 
over  the  orifice.  Sometimes  the 
ectocyst  is  raised  into  a  ridge— 
the  peristome — round  the  orifice ; 
the  tube  thus  formed  is  the  secotulary  orifice.  Zoftiiom  is  the  term 
applied  to  the  whole  colony.  The  term  ooectnm  or  oricell  is 
applied  to  the  receptacles  in  wlrich  the  ova  undergo  their  develop- 
ment The  ooecia  are  of  very  different  kinds :  in  the  Cheilo- 
slomata  they  are  merely  pouches  of  the  zooeeia  into  which  the  eggs 
pass.  In  some — if  not  all — Oydoslomata  {Crista)  they  are  special 
zooeeia  in  which  the  polypide  is  rudimentary  or  degenerates.  This 
is  probably  the  case  with  all  ovicells  in  the  Cydosl&maia,  but  it  has 
not  been  proved  in  all  cases.     In  Pht/laetolaemata,  in  which  the 


Fio.  «0.— PfuufcUd  npcudfter  AUmu). 
T  tentMlPi ;  t  lophophora ;  Ot  obw- 
pluigua ;  A  Bntu  i  Mg  ilomich  ;  F  flini- 
eulna;  St  sUtobluU;  7)  trotacla 
■hath ;  Bt  ectocyit ;  Hi  widocy 
Ge  ginglion ;  I'm  [uleta-vigliul  ni 


POLTZOA,  561 

xidy-cavitiea  of  the  zooecia  are  in  wide  communicatioQ,  a  nidimentary 
ralypide  bud  is  formed  near  the  ovum.  This  passes  round  the  egg 
ind  inveets  it,  but  remains  rudimentaiy.  In  the  CtenoUoniata  the 
iggs  develop  in  the  tentacular  Bfaeath  or  in  the  sea. 

The  body -wall  consists  of  cuticle,  ectoderm,  and  a  delicate 
ayer  of  cells  which  line  the  body-cavity.  The  peritoneal  cells 
ire  ciliated  in  the  Fhylactolaemata,  in  which  group  there  is  also 
t  thin  muscular  layer  in  the  body-wall. 

The  mouth  is  placed  at  the  anterior  end  of  the  body  in  the 
midst  of  the  circlet  of  ciliated  tentacles,  and  the  disc  bearing  it  and 
;he  tentacles  ia  called  the  lopliophoie  (Fig.  440).  The  lophophore 
is  either  circular  {Qymnolaevtaia),  or  is  drawn  out  into  two  lobes 
^oiseshoe-shaped  lophophore.  Fig.  441,  Phj/laciolaemala),  and  the 
tentacles  are  set  along  its 
edge.  The  latter  are  simply 
hollow  processes  of  the  body- 
wall;  they  are  provided  with 
longitudinal  muscles,  and 
their  cavity  communicates 
with  a  circular  canal  which 
mrrounds  the  body  at  their 
base.  This  canal  communi- 
cates with  the  body-cavity 
in  the  Phylactolaeinaia,  bat 
is  separate  from  it  in  the 
GymtwiaemMa.  The  tenta- 
cIm  aerve  both  for  procuring 
food  (setting  up  by  means 
of  their  cilia  whirlpools  in 
the  water)  and  for  respira- 
tion. 

The  digestive  organs  lie 
freely    in    tlie    body-cavity, 

and  are  attached  to  the  body-wall  by  a  mesodermal  reticulum  which 
traverses  the  body-cavity.  The  term  fbnicnlns  is  applied  to  one 
or  two  special  strands  (Fig.  440,  F)  of  this  tissue.  The  mouth  is 
placed  in  the  centre  of  the  circular  or  horseshoe-shaped  lophophore, 
and  a  movable  epiglottis-like  process,  called  the  epMome,  is  in  the 
freeh-water  forms  placed  on  the  dorsal  side  of  it,  and  projects 
over  it. 

The  alimentary  canal  is  bent  on  itself,  and  consists  of  (1)  on 
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elongated  ciliated  oesophagus,  often  dilated  at  its  upper  end  into 
a  muscular  pharynx ;  (2)  a  spacious  stomach  with  a  blind  backward 
prolongation,  the  hind  end  of  which  is  attached  to  the  body-wall 
by  the  funiculus;  and  (3)  a  narrow  intestine  which  is  bent  nearly 
parallel  with  the  pharynx,  and  is  directed  upwards.  The  intestine 
opens  by  the  anus,  which  is  placed  either  within  the  tentacular 
circlet  (Entoprocta),  or  near  but  outside  it  on  the  body-wall  {Edo- 
procta,  Fig.  440).  The  anal  side  of  the  body  is  called  the  dorsal 
side.  In  the  Phyladolaeniata  the  epistome  and  concavity  of  the 
horseshoe  lophophore  are  dorsal. 

The  nervons  system  consists  of  a  ganglion  placed  on  the  oeso- 
phagus between  the  mouth  and  the  anus  (Fig.  441,  ga).  It  lies 
in  the  space  (ring-canal  of  lophophore)  already  described  (p.  551), 
which  surrounds  the  oesophagus  and  is  developed  as  a  part  of  the 
body-cavity.  In  the  Phylactolaemata  the  ganglion  is  placed  in 
the  concavity  of  the  lophophore,  and  is  attached  to  the  oesophagus 
by  a  delicate  circumoesophageal  ring:  it  contains  a  cavity  which 
arises  as  an  ectodermal  pit  in  the  bud,  and  it  sends  o£f  numerous 
nerves  to  the  tentacles  and  oesophagus.  According  to  Fr.  Miiller 
there  is  in  Serialaria  (Zoobotryon)  a  so-called  colonial  nervous  system 
which  connects  the  individual  zooids  of  a  colony,  and  enables  them 
to  coordinate  their  activities.  ClaparMe  describes  the  same  in  some 
forms.     Special  organs  of  sense  have  not  been  recognized. 

Heart  and  va4sicular  system  are  absent.  The  body-cavity  is 
absent  in  the  Entoproda,  In  the  Ectoprocfa  it  is  spacious  and 
filled  with  fluid,  and  its  lining  gives  rise  to  the  generative  ceUs; 
it  is  therefore  to  be  regarded  as  coelomic,  which  view  of  it  is  justified 
by  the  intertejitacular  oi'gan  of  the  Ectoprocta.  This  is  a  fine 
ciliated  tube  leading  outwards  from  the  Ixxiy-cavity,  and  opening 
externally  between  two  of  the  tentacles  on  the  anal  side  of  the 
lophophore.  It  is  not  found  in  all  specimens,  and,  according  to 
Prouho,  only  in  individuals  containing  an  ovary.  It  functions  as 
an  oviduct,  and  probably  also  as  an  outlet  for  the  sperm. 

The  body-cavity  is  divided,  as  stated  above,  into  two  parts,  (1)  the  general 
body-cavity  and  (2)  the  ring-cnnal  of  the  lophophore  which  is  prolonged  into 
the  tentacles.  The  ring-canal  is  completely  shut  off  from  the  general  body- 
cavity  in  the  Oymnoln^incUa,  but  in  the  PhylactolaemcUa  the  two  are  in 
comnmnication  on  the  dorsal  (anal)  side  of  the  lophophore  except  in  the  middle 
line,  where  the  ring-canal  is  cut  off  from  the  general  body-cavity  by  the 
prolongation  of  the  latter  into  the  epistome.  For  the  epistome  of  the  Phylac- 
tolaemcUa is  hollow  and  contains  a  prolongation  from  the  general  body-cavity 
which  is  continued  upwards  into  it  as  a  tube  which  passes  on  the  anal  side 
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of  the  ganglion,  between  the  gsnglion  and  the  median  doraal  part  of  the 
ring-canal.  In  the  FliylaeMaemala  this  median  dorsal  part  of  the  rinx-canal 
oonimiinioatea  with  tha  exterior  bj  a  pore  which  together  with  iome  columnar 
ciliated  epitheUnm  of  the  adjacent  parts  of  the  ring-canal  constitatea  the 
•o-called  lephlldinm.*  In  some  Oymnola^mata  the  IntertantanOar  orgas. 
opena  externally  in  a  corrasponding  position,  and  iutemall;  into  the  body-caTilj, 
Into  what  pMTt  of  the  body-cavity  the  intertentacular  organ  opens  ia  not  clew 
from  the  accounts  arailable,  but  presumably  into  the  general  body-cavity,  for 
it  is  (aid  to  form  an  escape-duct  for  the  ova. 

The  zooids  are  usually  hermaphrodite.  The  testes  are  developed 
either  on  the  upper  part  of  tlie  funiculus,  or  near  the  point  of 
attachment  of  the  latter  to  the  body-walL  The  oruies  are  placed 
on  the  body-wall  near  the  anterior  end  of  the  zooecium.  Both  kinds 
of  generative  cells  are  dehisced  into  the  body-cavity.  There  do  not 
appear  to  be  any  special  renal  oisuis> 
unless  the  intertentacular  organ  be  such, 
and  the  fine  ciliated  canal  of  the  Enti^octa. 

Many  forms  of  Polyzoa  present  examples 
of  a  well-marked  polymorphism.  In  Zoobo- 
tryon  and  its  allies  tlie  joints  of  the  stalk 
represent  a  special  form  of  individual ;  they 
have  a  considerable  sise  and  a  simplified 
o^anization,  and  serve  as  the  ramified  sub- 
stratum on  which  the  nutritive  zooids  are 
placed.  In  addition  there  are  here  and 
there  jointB  of  the  roots,  which,  under  the 
form  of  tendril  and  stolon -like  processes, 
serve  to  attach  the  colony.  The  stalk  of 
Kifietos/noB  is  a  modified  stalk-zooid.  In 
addition  to  these  stem-  and  root-fonning 
zooids,  there  are  the  peculiar  &Ticiilari& 
(Fig.  442)  and  Tibrscol*  (Fig.  443).  These 
are  only  found  ia  the  Cheiloelomala.  They 
are  both  modifications  of  nn  ordinary  zooe- 
cium,  with  the  operculum  aa  the  mandible 
in  the  one  case,  and  as  the  lashing  filament 
in  the  other.    A  fully-develoj«d  avicularium 

resembles  a  bird's  head ;  the  upper  beak  is  hooked,  and  the  lower 
one,  or  mandible,  is  spiked.  There  is  a  strong  adductor  muscle 
arising  in   the   "  head "  of   the  avicularium,  and  inserted  into  the 
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middle  of  the  mandible ;  the  contraction  of  this  muscle  causes 
the  lower  jaw  to  cloae  upon  the  upper,  and  there  are  two  small 
muscles  which  bring  about  the  opening. 

There  are  all  stages  between  such  an  avicularium  as  that  just 
described,  and  a  small  Kooecium  with  a  movable  operculum.  From 
Fluetra  foliacea,  Cdlaria,  etc.,  in  which  the  avicularium  occupies 
the  place  of  an  ordinary  zooecium  (vicarious  avicularia),  we  pa^ 
through  stages  in  which  the  avicularium,  though  still  a  recognizable 
zooecium,  has  lost  the  place  of  a  zooecium  in  the  colony,  and  is 
attached  to  some  part  of  an  ordinary  zooecium  (adventitious)  until 
we  reach  the  highly  specialized  form  just  described. 

Vibracula  (Fig.  443)  are  merely  avicularia  with  the  beak  much 
a  long  whip-like  seta,  which  has  the  power  of  sweeping 
through  the  water.  The  function  ot 
avicularia  is  obscure.  They  have  been 
observed  to  seize  small  oi^nisms,  e.g. 
worms,  and  to  hold  them  until  they 
are  dead;  the  decomposing  organic 
remains  may  possibly  be  swept  into 
the  mouth  by  the  currents  caused  by 
the  cilia  of  the  tentacles. 

Finally  there  ate  the  ovicells  of 
some  CyelostonuUa  (see  above,  p.  550), 
which  are  zooecia  with  a  vestigial 
polypide.* 

Busk),    ri  vibracuu.  The    form    of    the    cells,    and    the 

manner  in  which  they  are  connected 
together,  are  very  different  in  the  different  groups,  and  give  rise  to  a 
great  variety  in  the  form  of  the  colonies.  The  zooecia  are  usually 
completely  cut  off  from  one  another,  though  the  soft  parts  aie 
continuous  through  pores  in  the  ectocysts  of  adjacent  zooecia  {roiettt 
plalet,  emnmunication  plaiee).  In  the  Phylaetolaemata  the  body- 
cavities  of  neighbouring  zooecia  are  in  open  communication.  These 
two  conditions  result  from  the  manner  of  budding :  in  the  first  case 
the  bud,  which  arises  as  an  outgrowth  of  the  body-wall,  becomes 
completely  cut  off  by  an  ingrowth  of  body-wall ;  while  in  the  second 
no  such  partition  is  formed,  so  that  the  body-cavity  of  the  whole 
colony  is  a  single,  continuous  space. 

Tliekrown  bodies,  which  are  present  in  most  colonies  of  iYva  Polyzua, 

*  In  Bome  Cvclostomes  {Lichtm^ora,  ete.)  the  polypide  ia  fully  formal  uA 
functional  in  the  young  ovicells. 
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consist  of  brown  pigment  maesee  contained  in  the  zooecia,  and  are 
derived  from  the  breaking  down  of  the  tentacles,  alimentary  canal, 
and  nervous  system  of  the  polypides.  A  new  set  of  theBe  organs 
may  be  formed  from  the  petsiatent  body-wall  of  such  partially 
degenerated  polypides,  as  an  internal  bud.  The  brown  body  finally 
breaks  up,  and  its  pigments  may  pass  into  the  new  stomach  and  so 
out  by  the  anus.  It  ie  this  degeneration  of  the  tentacles,  digestive 
organs,  etc.,  and  the  subsequent  acquisition  of  a  new  set  by  growth 
from  the  body-wall,  which  gave  rise  to  the  idea  that  the  zooid  of  a 
Polyzoan  colony  really  consists  of  two  individuals — one  the  poly- 
pide,  and  the  other  the  zooecium  or  house  of  the  polypide,  which 
has  the  power  of  budding  new  polypides  (tentacles,  alimentary 
canal,  etc). 

The  funicular  tissue  containB  numerous  tnniipareDt  cells  n'ith  processes,  by 
msuiB  of  which  they  »re  suspended  in  the  fuuicuUr  network.  They  may  Im 
hintly  yellow  in  colour,  and  are  regarded  as  excretory*  in  functioD.  As  there 
is  DO  o^pn  for  the  ejection  of  such  excreted  matters  to  the  exterior,  it  is 
supposed  that  the  disrupdon  of  the  intemd  organs  resulting  iu  the  formation 
of  the  brown  bodies,  and  the  subsequent  ejection  of  the  latter  through  the 
alimentary  canal  of  the  new  polypide,  are  the  means  by  which  excretory  products 
are  removed  from  the  colony.t 

Bflprodnction  is  partly  sexual  and  partly  asexual;  in  the  latter 
case  it  may  be  effected  by  the  so-called  statobleuts  or  by  budding. 
The  generative  cells  are  products  of  the  coelomic  lining  (vide  p.  553), 
and  are  dehisced  into  the  coelom. 

The  name  statoblast  (Fig.  444)  was  given  by  Allman  to  certain 
peculiar  reproductive  bodies  which  were  formerly  regarded  as  hard- 
shelled  winter  eggs,  but  by  him 
were  recognized  to  be  multi- 
nuclear  and  of  the  nature  of 
internal  buds.  These  statoblasts 
are  found  only  in  the  Phylacto- 
laemaia :  they  arise  from  masses 
of  cells  which  appear,  mainly 
towards  the  end  of  summer,  on 
the  funiculus  {Fig.  440).  They 
usually  possess  a  lens-like,  bicon- 
vex form,  and  are  enclosed   by 

•  S.  F.  Harmor,  "On  the  Nature  of  the  Excretory  Processes  of  Marine 
Polyw.,''  0.  J.  M.  S..  33,  p.  123. 

t  cy,  Tunicates,  in  which  there  is  no  apparatus  for  voiding  the  excretory 
■ooocretions  which  are  stored  in  varione  parts  of  the  body. 
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two  watchj^Eiss^haped,  hard  chitinous  sheila,  the  edges  of  which  ue 
luually  enclosed  b^  a  flat  ring  formed  of  cells  containing  all  (float), 
and  sometimes  provided  with  a  crown  of  projecting  spines  (Fig.  444). 
The  Phylaetolaemata  generally  die  down  in  the  winter,  and  the 
statohlasts,  which  germinate  in  spring  and  give  rise  to  new  coloniea, 
serve  the  purpoee  of  peipetuating  the  species.  In  the  fresh-water 
Ctenoatomes,  Palvdiedla  and  Vietorella,  the  coloniea  also  die  down  in 
winter,  and  the  species  is  continued  b;  means  of  certain  external 
buds,  which  are  arrested  in  development  and  last  through  the  winter: 
ibej  are  called  hilMnuKiila.  In  some  cases  (Crielaldia,  Lophapm) 
parts  separated  off  from  the  colon;  are  able  to  develop  into  new 
colonies,  and  in  Lophopus  the  colonies  divide  spontaneoualy. 

The  Polyxoa  are  for  the  moat  part  marine  organisms.  They  are 
found  between  tide-marks,  and  on  the  floor  of  the  ocean  to  a  depth 
of  3000  fathoms.     Cheiloafomaia  only  are  recorded  from  depths  of 


of  Sekitoporfiia  (anvt  Bund>).    Cb 


over  3000  fathoms;  Cydostomata  are  found  in  depths  of  1400 
fathoms  and  leaa.  Ctenostomes  are  mostly  found  in  depths  of  less 
than  40  fathoms. 

One  order — the  Pkylaciolaeniata — is  exclusively  fresh-water,  and  a 
few  fresh-water  forms  are  known  in  the  Gymndaemala.  A  few  forms 
are  phosphorescent.  Some  forms  (Terebripora)  excavate  pas3t4^  in 
the  shells  of  Mollusca ;  and  Hypophardla  is  found  in  passages  in  the 
tubes  of  Lanice  and  Cbaefoptenu. 

The  eggs  of  the  Ectoprocta  are  sometimes  laid  and  develop  freely 
in  the  sea  (HypophoreUa  expanea,  Aleyonidittm  albidum,  Membrani- 
pora  piloBO,  Farrella  repem).  But  more  often  the  early  stages  of 
development  take  place  under  the  protection  of  the  parent ;  either  in 
the  tentacle-sheath  (some  Cteno$iomata),  or,  in  many  CheUoetomatOt 
in  a  pouch  of  the  zooecium ;  or  in  special  zooecia  (ooecta),  of  which 
the  polypide  is  rudimentary  or  degenerate  {Gyeiottoniatix) ;  or  in  a 
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rudimentary  polypide  bud  {Pkylaefolaemaia,  see  p.  551>.  It  is  not 
certain  where  fertilization  is  effected,  but  it  is  generally  described 
as  taking  place  in  tbe  body-cavity,  and  the  eggs  or  larvae  escape 
either  by  the  intertentacular  canal,  or  by  the  rupture  of  the  body- 
wall  of  the  parent,  oi  by  the  degeneration  of  its  polypide.  In 
Ateyonidium  duplex  the  sexual  zooecia  posseaB  two  polypides;  tbe 
first  of  these  produces  spermstozoa  and  then  undergoes  disruption 
into  a  brown  body,  whereupon  a  second  polypide  is  formed  which 
produces  ova. 

In  the  oviparous  forms,  to  whatever  suborder  they  belong,  in 
which     the    early 
development     takes  o     Pt 

place  in  the  sea,  a  "'  '  ' 
free-swimraing  larva 
with  a  functional 
alimentary  canal  is 
rapidly  produced. 
This  larva  has,  gener- 
ally speaking,  always 
the  same  form,  and 
is  called  Ci^phimaidet. 
On  the  otiier  hand, 
in  all  forms  in  which 
the  early  stages  are 
passed  tlirough  under 
the  protection  of  the 
parent,  the  larva  is 
without  a  functional 
alimentary  canal,  and 
the  other  larval  organs 
present  varying  de- 
grees of  development 
in  different  case& 

Cyphojuiules  (Fig.  446)  has  the  form  of  a  laterally  compressed 
bell  with  a  circle  of  cilia  round  the  base.  The  base  of  the  bell  is 
tlie  ventral  surface ;  it  has  two  openings  both  enclosed  by  a  special 
lobe  of  the  ciliated  ring.  The  larger  and  posterior  of  these  leads 
into  a  depression  called  the  vestibule ;  the  smaller  and  anterior  into 
an  ectodermal  depression  called  the  pyriform  organ  (;'i).  The  vesti- 
bule is  divided  into  two  parts,  the  anterior  chamber  (va),  at  the 
l«ttom  of  which  is  the  mouth,  and  a  posterior  chamber  (ip),  into 


Via.  *M.— OpUul  Hctlon  of  ■  CnAannxra  (Urvii  or  Wm- 
frnmlpDra  or  of  JIciniili'lHt  oIMilHnt).  (Froni  Peirier,  iftn 
ProDho.)  ad  mdhealvp  orgui ;  aa  ulterior,  caji  potterior  put 
of  the  cllluy  Ting  (wlnni);  oq  cbitlnoai  i>1t«  of  the  sbeU ; 
a  Ktnlnm :  a  HtomKh ;  Ja  unlerlor  pit :  Jc  nayiXj  at  pfrt- 
farm  at^a ;  ma  adductor  didkIc  of  the  «hell-v«lvM ;  mil 

phugus :  (A  phuyni ;  p<  pjrlfUna  orgu ;  fl  ilbnttle  toR 


Pia.MT.— J,lunorJl<vm<<'t<»inft(n(in«rBwnrig).  Cdtafram  "^ 

or  hmgitudlml  aMtJon  tbnm^  (hs  lurm  of  .^Icrnfditiiii  (*n«r  plates      placed 

Burner),  botb  rrom  Sorachflit  wid  Hsldn-.    c  mIIi  of  Uie  nlum ;  ...            j      i  ft 

9  gnglion  (7  nrebnl)  In  coniwcUon  with  Uu  clllited  dlB  ud  ngat      ana      Mli 

prriroTn  organ  o;  k  month;  ji  nantle-grog™ ;  r  elli*[«d  diu;  qq    tl,e    aboral 

1  adhMlt-f  organ  (lucker).    In  ttie»  BgniM  the  on]  jurtkce  ^  ,               rp, 

directed  downwunls,  whanu  In  P1e>.  445  and  tM  II  Is  apnnlB.  SUrtaCe.       lAej 


lo.  44S, — A,  larva  of  Buffiala  jr^buvun  (after  Barrol*).  6,  dlagnin  of  medi 
■  larva  or  Bi'S'ila  (afler  Vigslliu),  botb  from  Konehelt  and  Heider.  c  cella  of  t 
I  groove  of  pyriform  organ ;  f  Intcroal  tiasne  of  tbe  laiva ;  o  pjrrilbrni  orgu ;  p  m 
groove ;  r  cUlatcd  diae ;  ■  adhulve  organ  or  iDcker. 
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meet  in  front  and  behind,  but  gape  ventratly.  At  the  aboral  apex 
there  is  an  opening  between  the  two  valves,  through  which  a  ciliated 
disc  (ob)  projecta. 

In  the  larva  of  Aleyonidium  mytili  (Fig.  447)  we  find  all  the  parte 
present  in  Cyphonaute*,  except  the  bivalve  shell.  But  it  must  be 
noted  that  the  oUmentar;  canal  is  partly  aborted,  there  being  no 
rectum    or    anus. 

Also    the    aboral  jf 

structure  (r)  which 
corresponds  to  the 
ciliated  disc  is 
larger,  and  sur- 
rounded by  a 
groove  called  the 
mantle-groove  (j>). 

The  larva  of 
FhatreHa  is  inter- 
mediate between 
the  above  forms ; 
it  has  the  shell 
plat«a  but  not  the 
complete  alimen- 
tary canaL 

Finally,  in  some 
CbeUoitomata  the 
specialisation  of 
the  larva  is  carried 
^ill  further  in  the 
great  development 
of  the  ciliary  circle, 
and  in  the  absence 
of  an  alimentary 
canal.  In  these 
larvae  (Fig.  448) 
there  is  a  pyri- 
form  organ  (o) 
with  its  tuft  of 
cilia;  an  adhesive  organ  {»),  an  aboral,  cihated  disc  (r)  surrounded 
by  a  mantle-gtoovo  (p),  but  there  is  no  trace  of  alimentary  canal, 
mouth,  or  anu^. 

After  a  certain  duration  of  free  life,  the  object  of  which  is  to 


10.  vie.— MeUmorpbiwb  of  tbs  Urn  of  Sc/iimjiorraa  (T)  mif- 
DDrnii  (nftet  BurrolH,  tram  Konchelt  ind  Helder).  A,  Hnt 
BlAge  of  tike  nieUmoiphoslB,  ihowlDg  tbQ  vvRgintitlon  of  tiu 

velum  hu  ipnad  out  uid  bocomtt  bent  towHrd*  Ihe  encker. 
^  Ting  Ihe  Din  brelli  ehape.  i  «U*  of  valnm  ;  o  prrlfomi  oigu ; 
p  mmDtlC'groove ;  rciliatad  dlic:  •  anglnited  auckar;  r  reitl- 
bnle  or  concnTtt]'  of  niDbnlU— lbs  ed|{a  of  ths  umbnlii 
aTenliully  ippliea  lUelf  to  Ibe  inEkeT,  tod  the  Inner  nlU  of 
tba  umbrella  fuH  nod  dinppeu- ;  x  unknown  orgui. 
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distribute  the  species,  the  larva  comes  to  rest  and  attaches  itself  to 
some  foi«ign  object.  The  attachment  is  effected  by  the  ventral 
adhesive  org^^  which  is  evaginated  and  applied  to  the  subetiatum 
{Fig.  449).  At  the  same  time  the  larval  organs  are  in  process  of 
disappearance.  The  alimentaiy  canal,  if  present  in  the  larva,  totally 
disappeara,  and  is  in  no  way  concerned  in  the  formation  of  the 
digestive  tube  of  the  adult.  The  pyriform  organ  and  the  velum 
share  in  the  general  fate,  and  the  larva  becomes  reduced  to  a  layer 
of  epithelium  surrounding  a  central  mass  of  cells  and  broken-down 
larval  organs. 

The  attached  oi^aniem  is  now  called  the  primary  zooecium,  and 
the  degenerated  larval  organs  in  its  interior  constitute  the  first  brown 


Fto.  ISO.— Two  sUju  of  th«  prlnury  inwclnm,  ahowliiK  Uia  danlapnant  af  (tw  ftnt  polipMr 
afBu^ilacalalAiui*njerVigfiiiu9,  from  Eoncbeltmod  HeldcrX  A,  InviglDftUaB  of  eetodsni 
tor  Ui«  (brinillon  of  tlia  vnJeuUr  rudlmmt  of  Ui*  flnt  polyplds  ;  b  »1U  of  Uh  inc»dMiii 
of  the  future  fOlJfUit;  t  tctodsnn.  B,  wmuwlut  oldu  lUge,  ibowlns  ths  Iwo-tiyaad 
vmIcuIu  [udLmFDt  of  Uia  Bnl  polypide ;  a  ecloderm  lining  tbt  tm1c1<  ;  b  ogBdam. 
In  A  ths  InMrul  uieu  nauItlDg  from  tks  degeuenMd  larviU  or^ni  li  omitted. 

body.  The  next  stage  consists  in  the  invagination  inward  of  the 
abornl  ciliated  disc*  (Fig,  450  A,  a);  the  pit  so  formed  becomes 
converted  into  a  vesicle  {Fig.  450  li),  round  the  walls  of  which 
some  of  the  internal  cells  arrange  themselves.  These  latter  ^ve 
rise  to  the  mesodenn  of  the  future  polypide,  while  from  the  lining 
cells  of  the  vesicle,  which  are  ectodermal  in  origin,  are  developed 

*  According  to  Prouho  the  aborel  disc,  after 

•        ■■       ■         Urg-n,,        

n  of  the 
from  the  ioternkl  tissL 


nvagination,  shares  the  &te  ot 
it  is  derived  Trom  an  invagina- 
may  be  a  new  formation  ponibi; 
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the  lining  of  the  alimentary  canal,  the  ganglion,  and  the  covering 
of  the  tentacles  and  the  tentacle-eheath  (Fig.  451). 

The  muscles,  funiculus,  and  somatic  mesoderm  of  the  animal  are 
derived  from  other  cells  of  the  internal  mass,  while  the  body-cavity 
comes  from  the  space  in  the  same  mass. 

In  the  Phylactolaemata  the  embryo  develops  in  the  brood  pouch 
into  a  vesicle,  the  outer  wall  of  which  is  ectoderm,  the  inner 
mesoderm,  and  the  cavity  coelom.  The  larva  which  issues, 
either  by  the  degeneration 
of  the  polypide  or  the  open- 
ing out  of  the  zooecium,  is 
covered  with  cilia  by  means 
of  which  it  swims.  It  is  the 
primary  zooecium:  during  its 
free-swimming  life  it  develops 
a  complete  polypide,  or  it  may 
be  two  polypides  {Plumatella), 
or  even  a  greater  number 
(Crist atella)y  before  fixation 
takes  place;  thus  differing 
from  the  primary  zooecium 
of  the  Gymnolaematay  which 
does  not  develop  the  polypide 
until  after  fixation.  As  in  other 
forms,  an  invagination  occurs, 
from  the  walls  of  which  the  polypide  is  developed,  Le,  the  lining  of 
the  alimentary  canal,*  the  covering  of  the  tentacles  and  tentacle-sheath, 
and  the  nerve  ganglion  are  alike  derived  from  so-called  ectoderm. 

From  the  foregoing  account  a  certain  number  of  conclusions  may 
be  drawn.  (1)  The  free-swimming  larva  of  the  Ertoprocta  is  a 
trochosphere  with  a  preoral  ciliated  ring,  and  an  apical  sense-organ — 
the  aboral  disc,  t  (2)  The  larva  attaches  itself  by  its  oral  face,  and 
becomes  the  primary  zooecium.  (3)  The  larval  organs  disappear  in 
the  primary  zooecium.  (4)  The  formation  of  the  adult  organs 
(except  the  body-wall)   is  either  to  be  looked  upon  as  a  case  of 


Fio.  451.— Diagram  showing  tho  developing  first 
polypide  in  connection  with  the  wall  of  the 
primary  zooecinm.  a  anus ;  d  rudiment  of 
stomach;  m  wall  of  primary  zooecinm  (endo- 
cyst) ;  m  mouth ;  n  rudiment  of  ganglion ; 
r  retractor  muscle;  t  tentacles;  ts  tentacle- 
sheath.    (From  Korschelt  and  Heider.) 


•  In  a  recent  work  on  the  development  of  PlumaUlUi  (Leuckart  and  Chun's 
Bibliothcca  Zoologica^  heft  23,  1897)  Braem  states  that  endodenu  tissue  can 
be  made  out  in  the  embryo. 

t  It  is  not  quite  certain  that  the  aboral  disc  is  the  apical  plate,  but  if 
Harmer's  observation  that  it  is  connected  with  nerve  tissue  (rig.  447)  is  correct, 
and  further,  if  Prouho  is  right  in  describing  its  degeneration  in  the  primary 
zooecinm  (Note,  p.  660),  this  conclusion  may  reasonably  be  drawn. 

2  o 
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budding  from  the  primary  zooecium,  or  as  a  process  of  meta- 
morphosis in  which  the  larval  organs  undergo  degeneration  and 
new  formation  in  consequence  of  the  extensive  changes  compressed 
into  the  metamorphosis.  Until  this  point  is  settled  it  is  impossible 
to  relate  with  certainty  the  adult  organs  and  surfaces  to  those  of 
the  larva,  because  of  the  extensive  degenerative  changes  and  new 
formations  which  take  place  at  the  metamorphosis. 

If  the  formation  of  the  first  polypide  is  a  case  of  budding, 
we  ought,  in  determining  the  homologous  surfaces  of  the  primary 
zooecium  and  first  polypide,  to  attach  no  more  importance  to  the 
fact  that  apparently  the  oro-anal  surface  of  the  first  polypide  k 
derived  from  the  aboral  surface  of  the  larva,  because  it  is  formed 
from  it,  than  we  should  to  the  fact  that  in  a  bud  developed  from  the 
dorsal  surface  of  the  adult,  the  oro-anal  surface  of  the  budded  form  \b 
derived  from  the  dorsal  (aboral)  surface  of  the  parent.  Consequently 
the  argument  of  Korschelt  and  Heider,  which  is  based  upon  this 
consideration,  and  from  which  they  deduce  most  far-reaching  con- 
sequences, that  the  oro-anal  line  of  Cyphonautes  and  other  Ectoproct 
larvae  is  really  dorsal  —  has  no  value.  Moreover,  on  the  same 
hypothesis,  the  fact  that  in  the  formation  of  the  first  polypide  the 
ectoderm  of  the  primary  zooecium  apparently  gives  rise  to  tlie 
alimentary  canal — has  no  more  importance  than  a  similar  phenomenon 
would  have  in  ordinary  gemmation,  in  which  the  value  of  the  layers 
is  not  the  same  as  in  embryonic  development. 

It  must  be  noted  here  that  in  the  embryonic  origin  (not  described  in  this  work) 
of  the  larvae  of  the  JSetoprocla  without  alimentary  canal,  the  endoderm  is,  in 
some  cases,  not  formed  at  all ;  the  internal  tissue  being,  to  judge  by  its  fate, 
entirely  mesodermal,  and  any  cavity  in  it  entirely  coelomic  (vide  especially  the 
larva  of  Phylactolaemata).  The  endoderm  appears  only  in  the  first  bud,  and  is 
in  that  derived  from  ectoderm. 

Finally,  to  sum  up  the  matter,  if  the  larva  is  a  trochosphere  and 
the  ciliated  disc  an  apical  plate,  and  if  we  regard  the  formation  of 
the  first  polypide  as  a  case  of  budding  from  the  primary  zooecium, 
which  is  the  metamorphosed  larva ;  and  if  moreover  there  is  in  the 
Polyzoa,  as  there  is  in  other  animals,  an  homology  between  the 
mouth  and  anus  and  ventral  surface  of  an  organism  produced  by 
budding  and  the  corresponding  structures  in  the  parent  organism; 
then  it  follows  that  the  oro-anal  line  of  the  Edoprocta  is  ventral,  and 
the  ganglion  a  suboesophageal  ganglion,  and  to  be  compared  to  the 
suboesophageal  ganglion  of  other  types :  that  is  to  say,  it  is  not 
dorsal  as  might  be  surmised  from  the  terminology  applied  to  the 
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parts  in  the  adult  (see  p.  552).  On  the  other  hand,  it  may  be 
argued  with  equal  force  that  the  oro-anal  surface  of  the  adult  is 
equivalent  to  the  dorsal  surface  of  the  larva,  for  the  larva  attaches 
itself  by  a  sucker  on  the  ventral  surface  between  the  mouth  and 
anus.  In  this  case  we  should  have  to  regard  the  formation  of  the 
first  polypide  as  a  case  of  larval  metamorphosis^  comparable  to  that 
of  a  holometabolous  insect,  in  which  the  changes  are  so  extensive 
that  many  of  the  larval  organs  degenerate  completely,  and  are  re- 
formed in  the  imago.  If  this  view  is  correct  the  reduction  of  the 
dorsal  surface  and  the  approximation  ,  of  the  mouth  and  anus  in 
the  adult  as  compared  with  the  larva,  would  be  comparable  to  the 
phenomena  which  take  place  in  Adinotrocha  at  the  metamorphosis 
into  the  adult  Phm'onis.  On  the  whole  we  are  inclined  to  the  view 
that  the  first  polypide  is  formed  by  budding  from  the  primary 
zooecium,  whicli  is  the  metamorphosed  larva,  and  that  consequently 
the  ganglion  of  the  Polyzoa  is  really  a  ventral,  suboesophageal 
ganglion,  and  that  the  surface  between  the  mouth  and  anus  of  the 
adult  is  the  ventral  surface,  and  comparable  to  the  surface  on  which 
the  mouth  and  anus  of  the  larva  are  placed.  In  commg  to  this  con- 
clusion we  attach  great  importance  to  the  fact  that  the  formation  of 
the  first  polypide  from  the  primary  zooecium  is  closely  similar  to  the 
budding  which  takes  place  in  the  fonnation  of  the  adult  colonies. 

Before  leaving  the  subject  of  the  development  of  the  Ectoproday 
attention  must  be  called  to  a  most  important  process  of  embryonic 
fission  discovered  by  Harmer  in  the  Cydostomata,  In  this  sub-order 
the  ovicell  is  a  zooecium  with  a  rudimentary  polypide  (Grisia),  in 
the  funicular  tissue  of  which  tlie  ovum  arises.  Fertilisation  has 
not  been  observed,  but  the  alunentary  canal  of  the  polypide  grows 
round  the  egg  and  forms  a  multinucleated  follicle  for  it.  The 
ovum  segments  and  becomes  a  multinucleated  mass,  in  which  cell 
limits  cannot  be  seen.  This  buds  off  small  pieces,  whicli  become 
ciliated,  escape  from  the  zooecium  in  a  manner  not  clearly  ascer- 
tained, and  swim  away  as  ciliated  larvae. 

Asexual  reproduction  by  budding  is  of  course  a  most  important 
process  in  the  Edoproda.  As  shown  above,  it  begins  even  in  the 
larva,  and  is  a  marked  feature  of  the  metamorphosis ;  and  the  forma- 
tion of  the  colonies  is  entirely  due  to  it.  Indeed,  we  may  say  that 
the  Edoproda  resemble  the  Siphonophora  and  other  Coelenterates  in 
possessing  that  power  of  multiplication  and  of  differentiation  of  parts 
{e.g,,  avicularia,  etc.)  which  is  so  preeminently  a  characteristic  of  the 
vegetable  kingdom. 
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The  actual  process  of  budding  appears  to  be  similar  to  the  process 
by  which  the  first  polypide  arises  from  the  primary  zooecium,  that  is 
to  say  the  budding  polypide  is  derived  from  a  two-layered  vesicle 
attached  to  the  inner  side  of  the  body-wall  of  the  parent  zooecium. 
The  inner  wall  of  this  vesicle  is  formed  from  the  ectoderm,  and 
gives  rise  to  the  alimentary  canal,  ganglion,  and  covering  of  the 
tentacles  and  tentacle-sheath  of  the  new  form,  while  the  outer  wall 
constitutes  the  mesodermal  structures  of  the  new  polypide.  The 
endoderm  does  not  take  part  in  the  gemmation  of  the  Ectoprocta. 

Class  L     ECTOPBOOTA. 

Anus  outside  the  tentacular  circlet, 

Tliis  group  includes  by  far  the  greater  number  of  the  Polyzoa, 
and  their  structure  has  been  specially  referred  to  in  the  precedent 
description  of  the  class.  The  anus  always  opens  outside  the  ring 
of  tentacles,  which  are  either  arranged  in  a  circle  (Gyfunoluemaia) 
or  on  a  two-armed  horseshoe-shaped  lophophore.  The  coelom  is 
well  developed,  and  the  reproductive  cells  are  developed  from  its 
lining. 

Order  1.     Gtmnolabhata. 

Ectoprocta  with  circular  loplwphore^  without  epistome. 

The  Oymnolaeniata  are,  with  a  few  exceptions,  marine  forms.  Alcyonidium 
and  Bowerhaiikia  arc  found  in  estuaries,  and  Victorella  and  Paludicella  are  only 
known  in  fresh  or  brackish  water.  Statoblasts  are  never  fonnd  ;  but  in  the 
fresh -water  forms  the  whole  colony  dies  down  in  the  winter  with  the  exception 
of  certain  external  buds,  which  are  called  hibcmaeula  and  give  rise  in  the  spring 
to  new  colonies. 

The  cuticle  is  sometimes  liomy,  and  sometimes  encrusted  with  calcareous 
matters,  over  which  a  layer  of  cells  may  even  extend.  The  zooecia  present 
a  great  variety  of  form. 

Suborder  1.     CHEILOSTOICATA. 

The  orifice  of  the  zooecium  can  be  closed  by  an  operculum.  Avicularia,  vibrt* 
cula,  and  ovicells  are  often  present. 

Tribe  A.  CELLITLABIKA.  With  corneous  or  comeo-calcareous  infundibuli- 
form  cells,  the  inferior  part  of  which  below  the  aperture  is  tubular  or  obconic. 

Fam.  1.  Aeteidae.  Zooecia  tubular,  with  a  lateral  membranous  area: 
orifice  terminal  Tentacle-sheath  terminating  alK>ve  in  a  circle  of  setae,  which 
are  everted  during  the  expansion  of  the  polypide.     Aetea  Lamouroux. 

Fam.  2.  Enorateidae.  Zooecia  uniserial,  or  in  two  series  placed  back  to 
Imck,  with  a  terminal  or  subtcrminal  and  usually  oblique  aperture.  Avicularia 
and  vibracula  absent.  Zoaria  as  slender,  branching,  phytoid  tufts.  Eucratea 
Lamx. ;  Qemcllaria  Sav. ;  Scruparia  Hiucks;  Huxlcya  Dyster;  Brettia  Dyster; 
Pasythea  Lamz. 
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Fam.  8.  Chlidoniidae.  Zooecium  composed  of  upright,  free,  segmented  stems 
springing  from  a  stolonate  network.  Zooecia  bicamerate ;  unarmed.  CMidonia 
Sav. 

Fam.  4.  Catenariidae.  Zooecium  radicate,  segmented ;  intemodes  except 
at  a  bifurcation  formed  of  a  single  zooecium.    CcUenieella  Blainv. ;  Caienaria  Sav. 

Fam.  5.  Cellnlariidae.  Zooecia  in  two  or  more  series,  closely  united  and 
ranged  in  the  same  plane ;  avic.  and  vibrac.,  or  avic.  only,  almost  always  present 
and  sessile.  Zoarinm  erect,  dichotomously  branched.  Cellularia  Pall. ;  Menipea 
Lamx.  (Emma  Gray) ;  Scrupocellaria  v,  Ben. ;  Caberea  Lamx. ;  Cauda  Lamx. ; 
Nellia  Busk. 

Fam.  6.  Bieellaiiidae.  Zooecia  rather  loosely  united  in  two  or  more  series, 
or  di^unct;  obconic  or  boat-shaped;  the  aperture  usually  occupying  a  large 
proportion  of  the  front.  Avic.  when  present,  capitate,  pedunculate,  and  jointed. 
Zoarium  not  articulated,  erect  and  phytoid,  or  composed  of  a  number  of  cells 
connected  by  tubular  processes.  Bicellaria  Blainy. ;  Bugula  Oken.;  Beania 
Johnston  (Diachoria  Busk) ;  Kinetoskias  Kor.  and  Dan. ;  Ichthyaria  Busk. 

Fam.  7.    Faroiminariidae.    Fardminaria  Busk. 

Fam.  8.  Hotamiidae.  Zooecia  in  pairs,  each  pair  arising  by  tubular  pro- 
longations from  the  pair  next  but  one  l)e]ow  it ;  at  each  bifurcation  a  new  series 
of  cells  intercalated  into  the  branches.     Notamia  Fleming. 

Tribe  B.  7LU8TEIHA.  With  quadrate  cells,  the  Aront  surface  of  which  is 
flat  and  equals  the  area  of  the  primitive  aperture. 

Fam.  9.  Cellariidae.  Zooecia  usually  rhomboidal  or  hcxangiilar,  disposed  in 
series  round  an  imaginary  axis,  so  as  to  form  cylindrical  shoots.  Zoarium  erect, 
calcareous,  dichotomously  branched.  Cellaria  Lamx.  {Salicomaria  Cuv.) ; 
MelicerUa  M.-Eklw. 

Fam.  10.  Flnstridae.  Zoarium  corneous  and  flexible,  expanded,  foliaceous, 
erect.  Zooecia  contiguous,  multiseiial.  Avicularia  usually  of  a  very  simple 
type.     Flustra  L. ,  F.  foliacea  L. ;  Carbasea  Gray. 

Fam.  11.  Xembraniporidae.  Zoarium  calcareous  or  membrano-calcareous. 
Zooecia  forming  an  irregular  continuous  expansion,  or  in  linear  series,  with  raised 
margins,  and  more  or  less  membranous  in  front.  Membranipora  Blainv.; 
Eleetra  Lamx. ;  Megapora  Hincks  ;  Amphihlestrum  Gray  ;  Biflustra  d'Orb.  ; 
Foveolaria  Busk. 

Fam.  12.  Xioroporidae.  Zooecia  with  the  front  wall  wholly  calcareous ; 
margins  elevated.  Micntpora  Gray  ;  Steganopordla  Smith  ;  Setosella  Hincks ; 
Fincularia  Defrance  ;  Caleschara  MacGillivray. 

Tribe  C.  E8CHASINA.  With  calcareous  cells,  the  aperture  of  which  about 
equals  the  operculum  in  size,  no  membranous  area  being  left. 

Fam.  13.     Bifiaxariidae.    Bifaxaria  Busk ;  Calymmophora  Busk. 

Fam.  14.     Tnbnoellariidae.     TitftMcc/toWa  d'Orb. ;  ^Sip/wmiVytora  Busk. 

Fam.  15.     Onohoporidae.     OTicAo^Tora  Busk ;  Onchopcrella  ^yxuV. 

Fam.  16.  Seteporidae.  Zoarium  calcareous,  erect,  fixed  ;  foliaceous  and 
fenestrate,  unilaniinar ;  or  reticulately  or  freely  ramose  in  one  plane.  Zooecia 
secund.     Retepora  Imperato  ;  Reteporella  Busk  ;  Turritigera  Busk. 

Fam.  17.  Cribrilinidae.  Zoarium  adnate,  forming  an  indefinite  crust,  or 
erect.  Zooecia  with  the  front  wall  more  or  less  fissured  or  traversed  by  radiating 
furrows.     Cribrilina  Gray  ;  Memhraniporella  Smitt. 

Fam.  18.     ICioroporellidae.     Zoarium  incrusting.      Zooecia  with  a  semi- 
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circular  aperture,  the  lower  margin  entire,  and  a  semllunate  or  circular  pore 
below  it.     Mieroporella  H. ;  Diporula  H. ;  Chorizopora  H. ;  Flustrammpha  Gray. 

Fam.  19.  Porinidae.  Zoarium  encrusting,  or  erect  and  ramified.  Zooecia 
with  a  raised  tubular  or  subtubular  orifice,  and  frequently  a  special  pore  on  the 
front  wall.  Porina  d'Orb.  ( TcMMradoma  Norman) ;  Anarthropora  Smitt ; 
Lagenipora  Hincks ;  CeUeportUa  Gray. 

Fam.  20.  KjrrioioidAe.  Zoarium  encrusting,  or  rising  into  foliaceous 
expansions,  or  dendroid.  Zooecia  calcareous,  destitute  of  membranous  area 
and  of  raised  margins  ;  orifice  with  a  sinus  on  the  lower  lip.  Schizoporella  H.: 
Maatigophora  H. ;  Ehyiiehozoon  H.;  Eippothoa  Lamz.;  Myriozoum  Donati: 
{Oephyrophora  B. ;  Hastoellia  B. ;  Oemellipora  Smitt). 

Fam.  21.  Eaeharidae.  Zoarium  calcareous,  encrusting,  or  erect  and  lamellate, 
or  ramose.  Zooecia  without  a  membranous  area  or  raised  margins.  Without 
special  pores  and  orifice  without  a  true  sinus.  Lepralia  Johnston ;  Umbcnuh, 
H. ;  Porella  Gray  ;  Escharoides  Smitt ;  SmiUia  H. ;  PhylacUlla  H. ;  Mucroiulla 
H. ;  Palmicellaria  Alder ;  Eschara  Pallas  ;  AspidoUoma  H. 

Fam.  22.     Adeonidae.     Adeana  Lamx. ;  Adeorulla  B. ;  JReptadeonella  B. 

Fam.  23.  Celleporidae.  Zooecia  calcareous,  more  or  less  vertical  to  the 
plane  of  the  colony,  irregularly  heaped  together,  with  a  terminal  orifioe. 
Cellepara  Fabricius. 

Fam.  24.     Selenariidae.     Cupularia  and  Lunularia  Lamx. ;  Selenaria  Busk. 

Sub-order  2.     CYCL08T01CATA. 

Zooecia  tubular,  with  a  plain  terminal  orifice  without  operculum.  Without 
movable  appendages.    The  ovicells  are  modified  zooecia.     Many  fossil  species. 

Tribe  A.  ABTICULATA.  With  erect  branches  divided  at  intervals  by 
chitiuous  joints. 

Fam.  1.  Crisiidae.  Zoarium  dendroid,  calcareous,  composed  of  segments 
united  by  corneous  joints.     Crism  Lamx. 

Tribe  B.     IHABTICULATA.    With  unjointed  zoarium. 

Fam.  2.  Tnboliporidae.  Zoarium  entirely  adherent,  or  more  or  less  free  and 
erect,  multiform,  often  linear,  or  flabellate  or  lobate,  sometimes  cylindrical. 
Zooecia  tubular,  disposed  in  contiguous  series,  or  in  single  lines.  Ooecium  formed 
by  the  inflation  of  the  branch.  Aledo  Lamx.;  Tubulipora  Lamx.;  SUntuUopora 
Bronn ;  Jdmoneu  Lamx. ;  Entalophora  Lamx. ;  DicLstopora  Lamx. ;  Pustulopora 
Blainv. 

Fam.  3.  Homeridae.  Zooecia  0{)ening  on  one  side  only  of  a  ramose  zoarium, 
never  adnate  and  repent     Hornera  Lamx. 

Fam.  4.  Liohenoporidae.  Zoarium  discoid,  simple  or  composite,  adnate,  or 
])artially  free  and  stipitate.  Zooecia  tubular,  erect  or  suberect,  disposed  in  more 
or  less  distinct  series,  which  radiate  from  a  free  central  area ;  the  intermediate 
surface  cancellated  or  porous.     Lichcn<)para  Defrance  ;  Datnopora  d'Orb. 

Fam.  5.  Frondiporidae.  Froiidipora  Imi)erato  ;  FaseicuHpora  d*Orb. ;  Super- 
cytis  d'Orb. 

Sub-order  3.     CTEKOSTOICATA. 

Wlien  the  tentacle-sheath  is  retracted,  the  orifice  of  the  zooecium  is  closed 
by  a  folded  membrane  as  by  an  operculum.  Zoarium  never  calcareous.  Ovicells 
and  appendages  absent. 
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Tribe  1.  HALCYONXLLSA.  Zoarium  fleshy  or  membranous.  Zooecia 
developed  by  budding  from  other  zooecia,  and  not  from  the  intemodea  of  a 
stolon. 

Fam.  1.  Aloyonidiidae.  Zooecia  more  or  less  closely  united,  immersed  in 
an  expanded  and  adherent  gelatinous  crust,  or  forming  an  erect  cylindrical  or 
compressed  zoarium ;  orifice  closed  by  the  mere  invagination  of  the  tentacular 
sheath  ;  not  protected  by  external  labia.     Alcyonidium  Lamx. 

Fam.  2.  Flnstrellidae.  Zooecia  immersed  in  a  gelatinous  crust ;  orifice 
bilabiate.  Larvae  with  a  bivalve  shell.  Fluatrdla  Gray;  F,  hispida  Fabr., 
on  Fnci  between  tide-marks. 

Fam.  3.  Araelmidiidae.  Zooecia  usually  more  or  less  distant,  membranous. 
Arachnidium  Hincks. 

Tribe  2.  STOLOHIFEEA.  Zoarium  homy  or  membranous.  Zooecia  de- 
veloped by  budding  from  the  intemodes  of  a  distinct  stolon  or  stem. 

A.  All  the  tentacles  erecL 

Fam.  4.  Yeflieulariidae.  Zooecia  contracted  below,  not  closely  united  to  the 
stem  at  the  base,  deciduous,  destitute  of  a  membranous  area.  Zoarium  repent 
or  erect.  All  with  gizzard  except  Farrella.  Vcsicularia  J.  V.  Thompson  ; 
AnuUhia  Lamx. ;  Zoohotryon  Ehr. ;  Bowerbanhia  Farre ;  Avenella  Dalyell ; 
Farrella  Ehrenb. 

Fam.  5.  Buskiidae.  Zooecia  contracted  below,  not  continuous  with  the 
creeping  stolon,  with  an  aperture  on  the  ventral  surface.     Biiskia  Alder. 

Fam.  6.  Cylindroeeiidae.  Zooecia  not  contracted  below,  closely  united  to 
the  stem  at  the  base,  not  deciduous ;  destitute  of  a  membranous  area.  Cylin- 
droecium  Hincks ;  Ang^ninella  v.  Ben. 

Fam.  7.  Tritioellidae.  Zooecia  homy,  with  an  aperture  and  membranous 
area  on  the  ventral  aspect ;  borne  on  a  rigid  peduncle,  to  which  they  are  attached 
by  a  movable  joint,  deciduous.     TrUicella  Dalyell ;  Hippuraria  Busk. 

B.  Tvx>  of  the  tentacles  everted. 

Fam.  8.  Valkeriidae.  Zooecia  contracted  below,  deciduous,  destitute  of 
a  membranous  area.     VaUceria  Fleming. 

Fam.  9.  Kimosellidae.  Zooecia  contracted  below,  movable,  deciduous,  with 
an  aperture  on  the  ventral  side.     Mimosclla  Hincks. 

Fam.  10.  Yiotorellidae.  Zooecia  originating  in  an  enlargement  of  the  creep- 
ing tubular  stem,  with  which  they  are  continuous  at  the  base ;  above  free 
and  cylindrical ;  not  deciduous.  Fictorella  S.  Kent,  fresh-water  form,  with 
hibemacula.     Palitdieella  Gerv.  is  allied  here. 

Order  2.     Phylactolaemata. 

Fresh'tcatcr  Polyzoa  with  horseshoe- shaped  lophophore  and  epistome. 

The  Phylactolaemata  are  mainly  distinguished  by  the  bilateral  arrangement 
of  the  numerous  tentacles  on  the  two-armed  lophophore.  There  is  always  present 
above  the  mouth  a  movable  tongue-shai)ed  process — the  epistovtCj  whence  the 
name  given  by  Allman  to  this  snb-order.  The  zooids  are  usually  of  considerable 
size,  and  are  all  alike  {i.e.  there  is  no  polymorphism).  The  body-cavities  of  the 
zooids  of  a  colony  are  in  wide  communication,  and  the  colonies  are  ramified  or 
massive,  often  transparent,  and  of  a  horny,  or  leathery,  or  gelatinous  con- 
sistency. Statoblasts  are  present.  The  cerebral  ganglion  contains  a  cavity 
which  is  develo|)ed  as  a  pit  in  the  ectoderm  of  the  bud. 


Fro.  ttt.—PlmmaUUa  npmt  allglitlr  nugDillHl 
(■/tor  AllnunX     Lp  lopbophore ;  D  aUiD«Dtary 


trie  ellipua.     CrutaUUa  Cmier. 

F*m.  2.  FlmutallidM.  At- 
tached, muaive  or  ramified  colo- 
nic of  flwhy  or  coruceona  ood- 
siiteao;.  PedintUella  Ldilj; 
Zop&ofnu  Dnmorticr,  diaconrad 
by  Tremble;  in  1711,  and  ii  the 
firat  Polyzoon  of  which  ws  hare 
any  notice  ;  L.  crytlalliit«M  PilL; 
PtuTTwUella  Lsnik.,  inclBding  Al- 
e^nelia  lAmk.,  A.  /ujigoia  Pall.; 
P.  n^ieM  L.  (Fig.  4B2) ;  /Veokn- 
cflfa  Gsrvaia,  diflera  from  the  othtt 
members  of  the  family  in  having 
a  nearly  drcnlar  lophophore  ;  the 
atatobluta  are  without  a  ring  of 


Class  n.    EHTOPBOOTA. 

Anus  within  the  tetUactdar  ctrdet. 

The  Entoprocta  are  more  simply  organised  than  the  Ecioproeia. 
The  tentacular  circlet  surrounds  a  kind  of  veatibule  into  which  the 
mouth  nnd  anus,  the  gener- 
ative and  excretory  organs 
open  The  alimentary  canal 
IS  a  simple  U  shaped  tube 
differentiated  into  oesophagus 
stomach  and  rectum  (Fig 
453)  There  is  a  ganglion 
in  tlie  floir  of  the  vestibule 
httween  the  mouth  and  anus 
Tliere  is  no  body-cavity  but 
only  a  slight  amount  of  con 
nective  tissue  between  tl  o 
body  wall  and  gut-wall  There 
13  a  piir  of  fine  ciliated  canali 
which  are  descr  bed  bj  some 
observers  as  intracellular  by 
others  as  intercellular  nhith 
lie  on  the  ventral  face  of  the 
stomach  and  open  into  the 
\estibule  on  the  oral  side  of 

the  gangLon  of  the  clrealar  miuclg    HglDgllon    I 
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The  generative  oigans  are  continuous  with  their  ducts,  and  open 
on  the  ventral  eurface  between  the  mouth  and  anus ;  in  Pedicdlina 
they  open  into  a  kind  of  brood-pouch  in  the  ventral  wall  of  the 
vestibule  on  the  anal  aide  of  the  ganglion.  They  are  pairoil  glands, 
and  the  ducts  of  the  testes  open  into  a  vesicula  semin&lls.  Pedi- 
cellina  is  hennaphrodite,  but  the  organs  of  the  two  sexes  do  not 
appear  usually  to  mature  at  the  same  time.     Loxoeoma  is  dioecious. 

The  early  st^B  of  development  take  place  in  the  brood-pouch. 
The  ovum  undergoes  total  cleavage,  and  an  invaginate  gastrula  with 
two  pole   coUb   is   formed.      The    blastopore  remains   open    in   the 


position  of  the  anus,  and  the  pole  cells  give  rise  to  two  short 
mesoblastic  bands.  The  embryo  leaves  the  brood -pouch  as  a 
trochosphere  larva  (Fig.  454),  with  a  well-marked  velar  ring  of 
cilia  having  the  same  relation  to  the  mouth  and  anus  that  the 
tentacles  have  in  the  adult,  an  apical  thickening  of  ectoderm  (Dr), 
which  carries  a  tuft  of  cilia  and  consists  of  large  glandular  cells, 
and  a  pit  of  thickened  ectoderm  on  the  anterior  side  of  the  dorsal 
surface  {kn)  called  the  dorsal  organ.  The  apical  thickening  is 
variously  interpreted  aa  a  sense  organ  and  an  organ  for  adhering; 
the   dorsal    organ   is    provided    with    two    pigmented   eye-spots   in 
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Loxogoma,  and  is  interpreted  by  Harraer  as  the  rudiment  of  tie 
fiupraoesophageal  ganglion ;  it  is  connected  by  two  nervous  tracts 
round  the  oesophagus  witli  the  persistent  ganglion,  which  probably 
develops  from  the  floor  of  the  vestibule  hetween  the  mouth  and 
anus  as  a  thickening  of  ectoderm,  and  on  the  same  view  may  be 
interpreted  as  the  auboesophageal  ganglion. 

As  was  first  made  known  by  the  independent  researches  of  Borrois 
and  Harmer,   the  larva  fixes  itself    hy  the  oral  surface  and  then 


proceeds  to  undergo  the  following  metamorphosis  (Fig.  455).  The 
opening  of  the  vestibule  closes,  the  dorsal  oi^an  and  apical  plate 
disap|jear,  and  the  alimentary  canal  apparently  undergoes  a  process 
of  rotation  of  such  a  kind  that  the  atrium  conies  to  lie  on  the 
Kurface  opposite  to  tliat  by  which  the  animal  is  attached.  Mean- 
while a  stalk  is  formed  by  tlie  elongation  of  the  new  aboral  region, 
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4ind  the  tentacles  and  a  new  opening  for  the  vestibule  are  established. 
During  the  whole  of  this  process  the  alimentary  tube,  with  its 
mouth  and  anus,  persist. 

Here  then  is  a  metamorphosis  very  similar  in  its  results  to  the 
process  which  takes  place  in  the  EdoproctOy  viz.,  an  entire  shifting  of 
the  oral  surface  round  to  the  opposite  side  of  the  larva ;  but  differing 
from  that,  in  the  fact  (1)  that  the  attachment  is  effected  by  the  edge 
of  the  ventral*  surface,  and  not  by  an  adhesive  organ  between  the 
mouth  and  anus,  and  (2)  that  the  larval  organs  do  not  undergo 
disruption,  but  allow  us  to  perceive  that  the  alteration  is  due  to  the 
relative  growth  of  the  parts  rather  than  to  the  formation  of  a  new 
mouth  and  anus  on  the  aboral  side  of  the  larva. 

As  to  the  actual  relations  between  this  larva  and  the  Cyphanautes, 
they  appear  to  resemble  one  another  very  nearly,  but  on  a  critical 
examination  certain  points  of  difference  become  obvious.  These  are 
(1)  the  absence  in  the  Entoproct  larva  of  an  adliesive  organ ;  (2)  the 
presence  of  a  rudiment  of  the  cerebral  ganglion  (dorsal  organ),  and 
(3)  the  absence  of  the  pyriform  organ  in  the  Entoproct  larva.  The 
pyriform  organ,  which  has  been  supposed  to  have  something  to  do 
with  the  cerebral  ganglion,t  cannot  be  homologous  with  the  dorsal 
organ  of  Entoprocta,  because  it  is  within  the  velar  circlet.  So  that, 
on  the  whole,  we  are  inclined  to  think  that  the  resemblances  between 
these  larvae  are  superficial  ones,  and  cannot  be  used  as  important 
arguments  in  favour  of  the  view  that  the  Polyzoa  constitute  a 
monophyletic  group.  On  the  other  hand,  it  is  held  by  many 
zoologists  that  the  Edoproda  and  Entoproda  should  not  be 
associated  in  the  same  group,  and  that  there  is  really  no  close 
relationship  between  them.  The  principal  argument  used  in  favour 
of  this  contention  is  that  the  Entoproda  are  without  a  coelom, 
and  should  be  removed  altogether  from  the  Coelomata.  This  view 
of  the  matter  is  further  borne  out  by  the  relations  of  the  gonads 
and  the  presence  of  the  two  ciliated  excretory  canals.  We,  however, 
while  admitting  that  there  is  much  to  Ije  said  for  it,  do  not  regard 
it  as  proven,  and  cannot  give  it  expression  in  this  work. 

The  com|)arisou  wliich  Caldwell  has  instituted  between  Phoronis  and  the 
Polyzoa  is   based   upon  the  sup|)Osed  resemblance  between  PJicronis  and  the 

*  This  attachment  must  have  been  confined  to  the  anterior  side  of  the  ventral 
edge,  otherwise  it  is  impossible  to  conceive  how  the  process  of  relative  shifting 
of  the  mouth  and  anus  above  described  in  its  abbreviated  embryonic  form 
could  have  happened  in  the  ancestral  history. 

t  The  cerebral  ganglion  on  the  view  here  adopted  of  the  Ectoprocta  is  not,  of 
■course,  present  in  the  a^lult,  for  as  pointed  out  above,  the  ganglion  of  the 
Ectoproctaf  though  sometimes  called  dorsal,  must  be  really  suboesophageaL 
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nylaetolMmala.  In  both  there  u  a  horauliM-ibkped  lophophore,  an  q 
a  diviaion  of  the  body-cavity  by  a  sephmi  into  &  small  part  at  the  oral  end,  aod 
the  main  part  around  the  alimentary  caoml,  and  the  presence  of  a  pair  of  vrry 
similar  nephridu.  Of  these  resemblances  the  Grst  two 
ar«  not  important,  vhile  the  third  and  fourth  concern 
doabtful  points  of  anatomy.  Against  this  conpariioD 
is  to  be  set  the  development.  In  Phoronis  the  line 
between  the  mouth  and  anus  is  dorsal,  and  would 
contain,  if  it  still  existed,  the  preoral  lobe  of  the  larra. 
In  the  Sdaproeia,  on  the  other  hand,  the  line  between 
the  mouth  and  anus  is  ventral,  though  this  would 
possibly  be  disputed  by  some  zoologiets  (see  p.  GflS); 
while  in  the  ErUojprneta  the  oro-anal  aurFace  is  unqoa- 
tionably  ventral,  the  preoral  lobe  and  its  eense  organ 
belonging  demonstrably  to  the  surface  between  the  anas 
and  the  attachment  of  the  adult  (Fig.  4&S). 

The  Enioproeta  are,  with  the  exception  of 
Urrtalella,  marine  animals.  Pedieellina  is 
stAlked  and  colooial.  Loxosoma  is  solitai;; 
the  buds,  which  are  formed,  separating  from 
their  parent.  LixcosoTna  ia  geneiaUy  a  com- 
mensal. 

Fam.  1.  LozoMmatidM.  Solitary  forms  budding 
from  the  body  ;  the  buds  separate  from  the  parent. 
Loxoaoma  Kef.,  L.  phaxoloiomaivm  at  the  end  of  the 
body  of  Pluucoloaoma,  L.  (CydaUUa)  annelidimla,  an 
the  Maidanidae,  etc. 

Fam.  2.  FBdioaUinidaa.  Stalked,  colonial  Ibrmi, 
attached  to  a  creeping  stolon  ;  budding  at  the  growing 
point  of  the  stolon.     Ptdxceilvna  M.  Sars. 

Fam.  S.  QmatellidaB.  Stalked  colonial,  fresh-water 
forms,  H.  America.     UmaUlla  Leidy. 


CHAPTER  XVI. 

Phylum  BRACHIOPODA.* 

Fixed,  solitary,  apparently  unsegmented  Coelomaia,  with  a  ten- 
taculated buccal  groove  often  prolonged  into  arms,  and  a  bivalve 
shell. 

The  Brachiopoda  constitute  an  isolated  phylum  of  the  animal 
kingdom.  They  were  fonnerly  placed  with  the  MoUusca,  with 
which  they  have  clearly  no  affinities.  Later  they  were  associated 
with  the  Polyzoa  under  the  heading  Molluacoidea  ;  but  this  grouping 
must  also  be  regarded  as  unsatisfactory,  for  they  differ  from  the 
Polyzoa  in  several  important  points,  amongst  which  may  be  men- 
tioned the  presence  'Of  a  vascular  system,  of  paired  nephridia,  of 
setae  embedded  in  pits  of  the  skin,  of  a  shell  composed  of  two 
pieces,  and  in  not  forming  colonies. 

On  the  whole,  the  increased  knowledge  of  their  anatomy  and 
development  which  has  been  acquired  of  late  years,  though  still 
far  from  satisfactory,  points  to  the  view  that  we  must  assign  to 
the  group  the  position  of  an  independent  phylum  of  the  animal 
kingdom  with  affinities,  by  the  form  of  their  central  nervous  system, 
and  by  their  setae,  by  the  presence  of  a  well-developed  perivisceral 
coelom  and  a  canalicular  haemocoel,  and  by  the  traces  of  an 
imperfect  segmentation,  to  the  Annelida;  though  at  the  same  time 
it  must  be  pointed  out  that  by  the  presence  of  longitudinal  dorsal 

*  R.  Owen,  ''On  the  Anatomy  of  the  Brachiopoda,"  Trans.  Zool.  Soc.  London 
1835.  A.  Hancock,  ''On  the  Organisation  of  the  Brachiopoda,"  PAt7.  Trans, 
148,  London,  1858.  T.  Davidson,  **A  Monograph  of  the  British  Fossil  Brachio- 
poda," I.- VI.,  Palaeontoffraphical  Society,  London,  1851-84.  Id.,  "A  Mon. 
of  recent  Brachiopoda,"  Pts.  1,  2,  Trans.  Lin.  Soc.  London^  1885-8.  T.  H. 
Huxley,  **  Contributions  to  the  Anatomy  of  the  Brachiopoda,"  Proc  Boy.  Soc., 
7,  1854  (2),  14,  1854.  H.  Lacaze-Duthiers,  **Histoire  Nat  d.  Brachiopodes  de 
la  Mediterranee,"  Ann.  Sci.  Nat.  (4),  15,  1861.  J.  F.  van  Bemmelcn,  *'Untcr8. 
lib.  d.  Anat.  u.  hist.  Bau  d.  Braohiopoda  Testicardinia,"  «7en.  Zeits,,  16,  1888. 
A.  E.  Shipley,  "On  the  StnMlfture  and  Devel.  of  Argiope,"  MU,  Zool.  SUU. 
Ncapely  4,  1883.  A.  £.  Shi](4|»  and  F.  R.  C.  Reed,  **  Brachiopoda  Recent  and 
Extinct,"  in  Cambridge  NaMKl  History,  vol.  8,  1895. 
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and  ventral  meBenteries,  and  by  the  development  of  the  coelom  a& 
enteric  outgrowthe,  they  recall  the  Ckaetognatha.  The  poesihle 
aftinities  of  the  group  with  Phoronia,  in  favour  of  which  there  a 
much  to  be  said,  are  discussed  at  the  end  of  the  chapter. 

The  mouth  is  placed  in  a  buccal  groove,  one  side  of  which  (the 
dorsal)  is  provided  with  a  lip,  and  the  other  with  a  row  of  tentacles. 
The  groove  is  either  continued  as  a  circle  on  the  dorsal  lobe  of  the 
mantle  or  is  drawn  out  on  each  side  into  the  characteristic  arms 
which  project  into  the  mantle -cavity.  The  anns  ia  absent,  or 
present  usually  on  the  right  side  of  the  front  surface  of  the  body, 
in  a  position  which  is  described  as  ventral  to  the  mouth  (in  Crania 
it  ia  median,  slightly  dorsal  and  posterior).  The  two  valves  of  the 
sliell  are  commonly  described  as  being  doreal  and  vential,  though  it 
must  be  bome  in  mind  tliat  there  are  embryological  reasons  foi 
regarding  the  surface  between  the  mouth  and  anus  as  doisal,  and 
the  whole  of  the  surface  on  which  the  shell-valves  lie  as  ventral. 
There  is  a  circum  oesophageal  nerve-collar,  not  separated  from  the 
ectoderm  and  bearing  supra-oesophageal  and  suboesophageal  gangli- 
onic swellings.  There  aro  no  organs  of  special  sense  in  the  adult, 
though  the  larva  possesses  eye  spots.  Tlie  edges  of  the  mantle- 
lobes,  which  are  folds  of  the  body-wall,  contain  aetae  embedded  in 
ectodermal  pits.  There  is  a  heart  on  the  so-called  dorsal  side  of 
the  stomach  giving  off  vessela.  The  perivisceral  cavity  is  coelomic, 
and  extends  into  the  mantle-folds ;  it  communicates  witli  the  esterior 
by  one  pair  (in  lihynehonella  two  pairs)  of  nephridia ;  the  generative 
cells  are  developed  on  its  walla  and  dehiaced  into  it,  and  carried 
outwards    by    the 

nephridia.      Asexual  ^  g 

reproduction  ond  par- 


known  in  the  group. 
It  ia  commonly  said 
of  the  Brachiojioda 
that  they  ai*  pre- 
eminently an  ancient 
grouj),  and  some  im- 
j>ortance  is  attached 
to  this  fact.  It  is 
true    that    they    are 

an  ancient  group,  representatives  of  it  being  known  in  the  Cambrian, 
and  the  number  of  fossil  forms  is  vastly  greater  than  that  of  &» 
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living;  but  no  epecial  distinctive  importance  can  be  attached  to  tliese 
facte,  for  similar  statements  may  be  made  of  almost  all  the  great 
gnmps,  representatives  of  which  are  known  from  the  earliest 
fonnations. 

The  body  is  enclosed  in  a  bivalve  shell,  of  which  one  valve  is 
called  doisal,  and  the  other  ventral  (Fig.  457).  Both  valves  He  upon 
corresponding  folds  of  the  integument  called  the  mantle  lobes,  and 
are  often  connected  posteriorly  by  a  kind  of  hinge,  beyond  which  the 
usually  more  arched  ventral  valve  projecta  like  a  beak  (Fig.  458,  St). 
The  ventral  valve  ia  usuaUy  larger  than  the  dorsal,  and  is  either 


Pui.  IM.-Aiiilf>tiiy  or  WiOilmMia 
HAitooek).     At  imii  (the  proiir 
n\n:  £  llvar;  ira>dducU>T,  Kd 
■barti  Oi  oeaophlgiu i  St  peduncle;  Tr  (bldnl  margins  of  thp  ruanelorth«  right  nephrldlum 
(OTMuot);  Fe  TsntMl  VBlvB ;  r»  anterior  w.U  of  body. 

directly  fused  witli  foreign  bodies,  or  the  animal  \a  attached  by  a 
peduncle  projecting  through  the  opening  in  the  beak.  The  peduncle 
may  however  pass  out  between  the  two  valves  {LingiUa).  In  Crania, 
which  is  attached  by  its  ventral  valve,  the  peduncle  is  absent.  It  is 
doubtful  which  surface  of  the  body  the  stalk  belongs  to ;  accordii^ 
to  the  view  stated  below,  which  is  admittedly  higldy  speculative, 
it  is  a  projection  of  the  ventral  surface  of  the  body.  The  valves 
of  the  shell  are  cuticular  structures  secreted  by  the  skin  and 
impregnated  vrith  calcareous  salts ;  they  are  not  opened  by  a 
ligament,  but  by  special  groups  of  muscles  (Fig.  458,  Md) ;  they 
are  also  closed  by  muscles,  which  are  placed  near  the  hinge  and  pass 
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transversely    from   tlie  dorsal   to  the   ventral   surface  through  the 
body -cavity  (if a). 

In  many  forms  the  shell  is  perforated  by  minute  pores,  which 
however  are  closed  externally  by  the  outer  uncalcified  layer  of  the 
shell.  They  transmit  tubular  prolongations  of  the  mantle.  The  body 
is  bilaterally  symmetrical,  excepting  for  the  anus  which  in  some  fonoB 
is  on  the  right  side,  and  is  enclosed  by  the  shell,  of  which  it  onl; 
occupies  the  posterior  part ;  it  possesses  the  two  large  reduplications 
of  the  integument,  the  two  mantle  lobes  already  mentioned,  which  ate 
applied  to  the  inner  surface  of  the  shell.  The  edges  of  the  mantle 
are  thickened  and  carry  setae,  which  are  regularly  arranged  and 
secreted  by  the  lining  of  pits  of  the  skin.  The  mantle  may  also 
produce  within  its  own  substance  calcareous  spicules,  or  a  continuom 
calcareous  framework. 


LDlnul  ia  ■Dppoad 

r.a  eitemil,  i.o  liiMnul  opfnlng  of  Dephiidlum  n ;  <(.•>  dDnid.  v.h  >«ntnl  lobe  of  Ue 
nuntl«:  lBn<lclip;lteDt>cleg;Mluuuth;>lBUlk.  (HodiaedfTOm  ShlpUD 

Tlie  mouth  is  placed  in  a  trausvereely  directed  groove,  bounded 
dorsally  by  a  lip,  and  ventrally  by  a  row  of  tentacles.  In  the 
simplest  cases  (Ari;io2>e,  Ciet^lla)  this  groove  has  a  somewhat  circular 
course  (Figs.  459,  460  a),  and  lies  along  the  dorsal  part,  of  the  anterior 
wall  of  the  body  which  is  spread  out  on  the  dorsal  valve.  The 
mouth  is  in  tlie  posterior  part  of  it,  and  the  anterior  part  of  it  is 
bent  backwards.  In  other  forms  the  buccal  groove  does  not  form 
a  complete  circle,  but  is  incomplete  anteriorly,  and  the  two  ends 
so  formed  are  coiled  into  a  Bpinil,  which  is  variously  disposed  in 
different  forms.  Moreover,  in  these  forms  it  is  not  united  to  the 
dorsal  wall,  but  projects  into  the  mantle-cavity. 

In  Waldheimia  (Figs,  460,  462)  the  buccal  groove  with  its  dorsal 
lip  and  ventral  row  of  tentacles  passes  outwards  (J)  on  each  idde 
of  the  mouth,  and  forwards  towards  the  opening  of  the  shell ;  it  then 
bends  on  itself  and  passes  backwards  (/,  h)  on  the  ventral  aide  of  the 
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mal  part,  extending  almost  as  far  as  the  mouth.     This  may  be 
the  proximal  loop  of  .the  buccal  groove ;  its  two  limbs  aie 
i    by    a   mem- 


s  supported  in  WaUAeimia  and  Terehratvla 
calcareous  process  of  the  dorsal  valve  (Fig.  461).  In  Rkyn- 
ctumella  there  is  no  calcareous 
support  for  the  arms,  but  the 
buccal  groove  is  prolonged  into  a 
long,  horizontally  placed  spiral  on 
each  side,  the  apex  of  the  spiral 
being  directed  to  the  dorsal  side 
(Figs.  460  e,  463).  In  Lingvla  the 
anus  are  very  much  as  they  are 
in  Rkymifumella,  the  spiral  being 
horizontally  placed  with  its  apex 
towards  the  dorsal  valve. 

In  Lirufula  and  Rhynthonella  it 
appears  that  the  animal  has  the 
power  of  protruding  its  amis  from 
the  shell.  The  epithelium  of  the 
buccal  groove  and  the  tentacles  is 
whole  apparatus   is   to   be   regaidcd   aa  a   food- 


uig  organ. 
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The  mouth  leads  into  an  oesophagus  which,  passing  doraalwards, 
opens  into  the  stomach.  The  stomach  receives  the  ducts  of  a  paired 
gland  called  the  liver  (Fig.  458,  o),  and  passes  into  the  intestine  which 
is  directed  veutralwaids.  The  intestine  is  short,  and  ends  blindly 
in  the  Testicardinee ;  while  in  the  Ecardinee  it  ia  long  and  coiled, 
and  opens  by  an  anus  into  the  mantle-cavity.  The  anus  opens  on 
the  right  side  in  LingtUa  and  Discina;  in  Lintptla  it  is  placed 
between  the  margins  of  the  mantle.  In  Crania*  the  rectum  is  in 
the  middle  line  and  opens  at  the  hind  end  in  the  middle  line  into  a 
space  between  the  two  valves  wliere  the  hinge  woidd  be.  Sometimes 
the  end  of  the  intestine  is  continued  as  a  coid  (Theeulium). 


f  pfdunclv  -,  ff  apLnl  part  of  Uir 
i  tenUclM  ;  ;  lip.  ■  few  UnUclu  tut  my  to  ihoiir  It :  t  pnltlon  of  luoulh.  mhM>  l> 
coiica*]«d  b/  the  lip :  I  occloKr  miiBclu  Ken  Ihrougb  the  interior  nil  at  bod; ;  ii  l«ft 
nephitdlDin  DtwnlBg  >t  n.    (Artar  Uucock.) 

The  alimentary  canal  ia  supj>orted  by  a  median  dorsal  and  vential 
mesentery,  which  partially  divides  the  body-cavity  into  a  right  and 
left  half;  and  by  two  incomplete  transverse  septa  which  pass,  as 
does  the  dorsal  mesentery,  from  the  body-wall  to  the  gut-walL 
Of  the  two  latter  the  anterior  is  called  the  goKtroparieial,  and  the 
posterior  the  ilioparietal  band,  from  their  relations  to  the  stomach 
and  intestine  respectively. 

The  nerrons  system  consists  of  a  circumoesopha^al  ring,  upon 
'  Joubuj,  ATeh.  Zoel.  Exp.  (2)  4. 
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whicli  are  developed  a  variable  number  of  ganglia.  The  most 
general  arrangement  appears  to  be  one  small  siipra-oesophageal  and 
one  larger  auboesophageal  swelling.  The  suboesophngeal  gives  off 
nerves  to  the  dorsal  mantle-lobe,  the  arms,  and  adductor  muscles, 
and  to  two  small  ganglia  which  supply  the  ventral  mantle-lobe  and 
the  peduncular  muscles.  The  ganglia  and  commissure  are  in 
immediate  contact  with 
the  ectoderm.  Special 
organs  of  sense  have 
not  been  described. 

The  Tascnlar  sys- 
t«m  has  a  canalicular 
character.  There  is  a 
heart  placed  on  the 
dorsal  side  of  the 
stomach  in  the  dorsal 
mesentery.  It  gives 
off  a  vessel  which 
passes  forwards  along 
the  oesophagus  in  the 
doisal  mesentery ;  this 
divides  into  two,  which 
are  continued  into  the 
arms  as  the  tentacular 
vessels,  and  are  con- 
nected with  a  vessel 
which  surrounds  the 
oesophagus.  In  addi- 
tion to  the  above  there 
are  two  pairs  of  lateral  , 
vessels  running  from 
the  heart  to  the  gen- 
erative organs. 

The  blood  is  colour- 
less. 

Our  knowledge  of  the  vascular  system  and  its  ramifications  is 
very  small,  as  may  be  gathered  from  the  statement  made  by  some 
observers  that  the  blood  vessels  communicate  with  the  coelom.  This 
is  a  statement  which  has  been  made  of  other  groups,  and  lias 
always  been  disproved  with  tlie  progress  of  knowledge ;  and  in  the 
present  instance,  having  regard  to  the  difficulties  of  the  observations 
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required,  and  to  the  fact  that  the  vascular  system  is  essentially  an 
organ  separate  from  the  coelom  and  from  other  organs  derived  from 
the  primitive  enteron,  it  cannot  he  accepted  (it  should  not  have  heen 
made  at  the  present  day  hy  any  well-informed  Zoologist)  without  a 
good  deal  mt)re  evidence  than  has  yet  heen  adduced  in  its  favour. 

The  body-cayity  is  well  developed,  and  is  a  coelom.  As  already 
stated  it  is  divided,  incompletely  it  is  true,  into  two  lateral  halves  by 
a  longitudinal  mesentery,  and  into  three  successive  chambers  by  two 
imperfect  transverse  septa,  the  gastroparietal  and  ilioparietal  bands. 
The  latter  structures  are,  however,  merely  bands,  there  being  three 
(or  two)  gastroparietal  and  two  ilioparietal.  They  are  important, 
because  they  may  turn  out  to  be  remains  of  transverse  septa 
dividing  up  the  coelom  in  the  embryo  (see  account  of  development). 
The  body-cavity  contains  a  corpusculated  fluid,  and  possesses  a 
ciliated  epithelial  lining.  It  is  prolonged  into  the  mantle  lobes  as 
the  pallial  sinmfes,  which  may  be  much  branched  (Ltngula),  With 
regard  to  other  exteiisions  of  the  body-cavity  we  know  very  little. 
For  instance,  there  are  two  channels  running  along  each  arm,  the  one 
small  and  in  relation  with  the  row  of  tentacles,  into  each  of  which  it 
sends  a  prolongation,  and  the  other  larger  and  in  relation  with  the  lip 
(!  epistome).  It  is  disputed  whether  these  canals  communicate  with 
each  other  or  with  the  body-cavity.  It  is  said,  however  (see  above), 
that  the  tentacular  channel  is  a  blood  vessel,  and  is  a  continuation  of 
the  vessel  which  leaves  the  anterior  end  of  the  heart. 

As  in  coelomate  animals  the  renal  organs  are  nephridia.  There 
is  usually  one  pair,  but  in  Ehynchondla  there  are  two.  They  open 
externally  on  each  side  of  the  mouth,  near  the  base  of  the  arms,  and 
internally  by  funnel-shaped  apertures  into  the  body-cavity.  When 
there  is  one  pair,  the  internal  opening  is  on  the  ilioparietal  band,  into 
the  posterior  chamber  of  the  body-cavity ;  when  there  are  two  pairs 
the  openings  of  the  second  pair  is  supported  by  the  gastroparietal 
bands,  and  is  into  the  middle  chamber  of  the  body-cavity.  The 
external  openings  of  the  posterior  pair,  i.e,  the  jmir  usually  present, 
are  a  little  on  the  ventral  side  of  the  mouth,  while  those  of  the 
anterior  pair  are  a  little  nearer  the  dorsal  valve.  The  nephridia 
function  also  as  generative  ducts,  and  were  called  oviducts  by 
Hancock. 

(Generative  organs.  In  all  probability  most  Brachiopoda  are 
dioecious,  but  possibly  a  few  of  them  may  be  hermaphrodite.  The 
generative  organs  are  developments  of  the  coelomic  epithehum. 
They  are  tliick  yellow  bands  or  ridges  which  project  into  the  body- 


cavity,  and  extend  into  the  locanae  of  the  mantle  where  they  may 
be  considerably  ramified.  The  ripe  Bexual  cells  are  dehisced  into 
the  coelom,  whence  they  pass  to  the  exterior  through  the  nephridia. 
in  some  genera  {Theettlium,  Cutella,  Artjiope)  the  eggs  undergo  the 


lent  of  Arfliifi  (tllar  KonildnkT).  a,  inibiyo  Id  whJch  Uia  eiitcnn  O 
I  111  (Rmt  wllb  Ott  emlomle  no  U.  b,  anibiTo  with  thm  H8>hi>1s,  ud 
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hrst  stages  of  their  development  in  brood-pouches  placed  near  the 
openings  of  the  nephridia.  In  Theeidium  the  brood-poucli  is  median 
and  ventral.     In  Artjiope  and  Cistella  it  is  paired. 

Our  knowledge  of  the  development  is  very  incomplete,  and  what 
we  do  know  relates  almost  entirely  to  the  Tegtieanlines.     The  egg 
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IB  small  and  the  segmentation  is  complete,  the  gastrula  is  formecl 
usually  by  in^'aginatiou,  and  the  blagtopore  closes  at  the  anterior 
end  of  the  ventral  surface.  The  archenteron  gives  off  two  lateial 
diverticula,  which  are  gradually  constricted  off  from  it  as  the  coelomic 
sacs  (Fig.  464,  a,  h). 

The  coelomic  sacs  extend  posteriorly  behind  the  enteron,  but  the 
last  remnant  of  the  communication  between  the  two  is  at  the  front 
end  of  the  body.  The  embryo  now  becomes  constricted  by  an 
annular  furrow  into  two  parts,  the  anterior  of  which  soon  divides 
in  a  similar  manner,  so  that  three  segments  are  formed  (Fig.  464,  b). 
It  does  not  appear,  however,  that  the  coelomic  aacs  participate  m 
this  segmentation.  The  enterou  is  confined  to  the  two  anterior 
eegments,  and  does  not  extend  into  the  caudal  segment. 
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On  the  first  segment  (head)  there  ie  developed  an  umbrella-like 
disc,  the  edge  of  which  becomes  ciliated,  and  four  eye  spots.  On  the 
second  segment  (thorax)  there  is  lui  annular  fold  (Fig.  464,  c),  which 
soon  grows  out  into  a  dorsal  and  ventral  lobe — the  mantle-lobes.  On 
the  ventnU  part  of  this  are  developed  four  bundles  of  provisional 
setae. 

The  mantle-lobes  project  back  over  the  caudal  region  (Fig.  464,  d). 
The  embryo  noir  leaves  the  brood-pouch  and  enters  upon  its  free- 
swimming  life. 

The  larval  stage  is  of  short  duration,  and  during  it  the  enteion 
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remaina  an  entirely  closed  eac.  Attachment  is  effected  by  the  bind 
(caudal)  end  (Fig.  464,  e,  /),  and  as  soon  aa  it  has  occurred  the  mantle- 
lobes  turn  forward  and  envelop  the  first  segment. 

The  larva  now  assumes  the  adult  condition ;  the  shell  valves  are 
developed  on  the  mantle-folds,  the  provisional  setae  are  replaced  by 
the  permanent  ones,  and  a  mouth  is  formed  at  the  front  end.  The 
exact  relation  of  the  mouth  to  tlie  umbrella-like  head  segment  is 
obscure.  It  has  been  suggested  that  the  mouth  is  formed  upon 
the  ventral  side  of  it,  and  that  the  head  segment  (Fig.  465)  is  really 
a  preoral  lobe,  like  that  of  Phoronie — which  soon  disappears  or  is 
reduced  to  the  epistome  (lip  of  the  buccal  groove).  The  tentacles  of 
the  arms  appear  on  the  inner  side  of  the  dot^  mantle  lobe  (Fig. 
466,  C). 

Tfothing  is  known  of  the  embryonic  development  of  the  Ecardines. 
Their  larvae  differ  from  those  of  the  Tegticardines  in  possessing  a 
shell  while  free-swimming.  A  larva  of  Disdna  radiata  with  a  laige 
process  overhanging  the  mouth  has  been  described  by  F.  Miiller 
(MiUler's  Arch.,  1860),  and  we  owe  an  aecoimt  of  the  larva  of  Lingula 
to  Brooks  (Chesapeake  Zool.  Lab.  Results,  1878). 

A  conaiiienitiaii  of  the  ftbove  facta  do«s  Dot  lead  us  very  br  in  deciding  the 
ijueation  of  Clie  affiuitiea  of  the  Braehiopoda,  If  we  adopt  the  suggeatiou 
mode  above,  that  tbe  mouth  Ib  fonued  oo 
the  ventral  surface  —  which,  it  must  be 
remembeFed,  is  opposed  to  Eowalevsky's 
statement  that  it  is  at  the  anterior  end — 
we  may  regard  the  larva  as  a  trochoaphere 
with  a  preoral  ring  of  cilia  and  preoral  aense- 

The  presence  of  seUe  secreted  in  cutaneou 
sacs,  tlie  indications  of  segmentation,  and 
the  relatioDa  of  the  coelom  in  the  adult, 
further  suggest  Aunelidan  alEnitiea.  Finally, 
the  fonu  of  the  central  nervous  system  is 
not  apposed  to  this  view  of  the  relationship 
of  the  group.  If  we  adopt  tliis  view  wo 
should  regard  the  Braehiopoda  as  Annelids 
with  three  segments,  marked  in  the  embryo 
by  the  annular  constrictions  of  the  integu- 
ment,  and   in   the  adult   by   the  imperfect 

septa  reprewuted  by  the  gastro-  and  ilioparietal  bauds,  and  by  the  two  pairs 
of  nephridia  in  SAynckonella,  which  have  relations  to  these  bands. 

Bat  it  iimst  be  remembered  that  according  to  present  accounts  there  are  no 
traces  of  mesoblastic  segments  in  the  embryo,  the  ooelomic  sacs  being  con- 
tinuous and  not  divided  up  by  septa.  This,  however,  may  be  due  to  imperfect 
observation,  a  possibility  whicii  becomes  the  more  likely  when  we  remember 
that  the  larvae  are  extremely  minute,  the  observations  very  difficult  to  make. 
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aod  tbat  there  u  no  uoount  of  tb«  formatioo  of  th«  sbuatorea  which  m 
supposed  to  bs  transverse  septa  in  the  sdult,  or  of  the  nspLridis. 

But  thU  Annelid  view  of  the  groap  is  not  the  only  one  which  has  been  pot 
forward.  It  has  been  iDggested  that  the  arms,  with  their  tentacles,  are  con- 
pamble  to  the  lophophore,  and  the  lip  to  the  epiitonie 
of  PhoronU  (Fig.  itb).  There  is  much  to  be  said  for  Uu 
affinities  with  Phoro*it  which  this  view  suggests,  bat  it 
must  be  remembered  that  the  view  is  oue  which  itstif 
rests  upon  a  basia  of  hypotheeis  (see  p.  CSS),  for  in  neither 
group  has  the  development  of  the  lip  been  satisfactorilj 
followed. 

The  most  important  olgection  to  it  is  that  the  9einn 
of  the  intestine,  and  the  position  of  the  anus  nearer  the 
ventral  valve,  is  different  to  the  amngemeat  inPturniH, 
in  which  the  intestine  has  the  opposite  fleznre,  snd  ths 
anns  is  on  the  opistome  side  (dorssl]  of  the  month.  It 
msf  fairly  be  urged,  however,  that,  in  our  present  stats 
of  ignotance  of  the  development  of  the  Brachiopods  with 
an  anus,  and  eonseqaentlj  of  the  real  position  of  thst 
organ,  too  much  weight  must  not  be  attached  to  tbii 
objection.  The  possible  preaenoe  of  three  ineaoblastic 
segmenta,  and  the  relations  of  the  nephridia  and  coelon, 
are  not  opposed  to  it,  nor  is  the  mode  of  attachment  by 
the  caudal  region  ;  for  it  is  argued  the  caudal  nfpon 
might  fsirlj  be  regarded  as  equivalent  to  the  evsginatsd 
foot  of  Phoronii.  We  think  the  suggestion  that  the 
Brachiopods  are  allied  to  Pboronis  an  attractive,  but  at 
the  same  time  a  highly  speculative  one.  For  the  principal 
arguments  in  its  fsvout,  viz.,  that  in  both  the  preoisl 
lobe  shrivels  up  or  disappears,  leaving  at  most  the  epis- 
le  as  an  indication  of  iU  presence,  and  that  in  both 
the  donal  surCue  between  the  mouth  and  anus  is  extra- 

iDioienea    edge    oi      ordinarily  shortened,  are  open  to  the  serioua  reply,  that 

msntls :  r  leatsclM :        ,..         .   ,,  ..  ._       c-.,  .      -V,. 

o  mantli  -  Md  ■toni      although  these  statements  msy  latrly  be  made  of  rhormu, 

■ch  -.  Ad  IntMtiDa;     ^bey  can  only  be  pnt  forward  in  s  hypothetical  fonn  with 

jr  poatnioi  miucle  1      regard  to  Brachiopods. 

e  gsngllOB. 

The  Braehiopoda  are  found  in  all  seas  at  different  depths.  The 
larger  number  live  at  moderate  depths,  down  to  500  or  600  fathoms- 
Beyond  this  depth  they  are  rare,  though  species  of  Diaeina  and 
Terel/ratula  have  been  taken  at  a  depth  of  over  2000  fathoms. 
Lingula  and  Gloliidia  are  found  between  tide-marks.  For  the  most 
part  they  live  on  rocky  ground,  and  are  found  in  great  numben> 
together,     Lirupda  burrowB  in  the  Band. 

The  number  of  living  Brachiopods  is  small,  as  compared  with  the 
much  lai^r  number  found  in  the  earlier  geolc^cal  formations, 
certain  species  of  which  liave  great  importance  as  characteristic 
fossils.      The   oldest   known   fossils  are    Brachiopods,    and    certain 
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oMer  larva  of  Lin- 
jniJo  (»ft«r  Brooks). 
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genera  which  first  appeared  in  the  Cambrian  have  persisted  to  the 
present  day. 

Order  1.     Ecardines  (Inarticulata).* 

Shell  without  hinge  and  brachial  skeleton.  Alimentary  canal 
with  anus  either  ventral  and  to  the  right  of  the  middle  line,  or 
posterior  and  median  (Orania), 

Fam.  1.  Lingnlidae.  Shell  thin,  horny,  almost  equi valve,  a  long  peduncle 
passing  between  the  two  valves.  Live  in  tubes  in  sand.  Lingula  Brag.; 
X.  anaiina  Lam.;  OloUidia  Dall. 

Fam.  2.  Diioinidae.  Shell  fixed  by  a  peduncle  passing  through  a  hole  in  the 
ventral  valve.  Discina  Lam.;  D,  ailaniiea  King,  1830  fathoms,  ofif  West  of 
Ireland  ;  Disdnuca  Dall. 

Faro.  8.  Craniidae.  Shell  orbicular,  calcareous ;  ventral  valve  adherent ; 
without  peduncle.     Crania  Retz. ;  C.  anomala  Milller,  Loch  Fyne. 

Order  2.     Tbsticardines  (Articulata).* 

The  shell  is  calcareous,  with  hinge  and  brachial  skeleton.  The 
intestine  ends  blindly. 

The  exclusively  fossil  family  Produetidae,  the  edge  of  the  shells  of  which 
have  no  hinge,  form  the  transition  between  the  two  orders. 

Fam.  1.  Terebratulidae.  Shell  usually  biconvex ;  punctate,  with  complete 
hinge ;  beak  of  ventral  valve  perforated  for  short  peduncle ;  calcareous  loop 
bent  back  on  itself.  fFaldheimia  King  (Figs.  461,  462),  fF.  cranium  Miill., 
^orth  British  seas;  Terebratula  Brag.,  T,  capsula  Jeff.,  English  Channel; 
Terebratulina  d*Orb.,  T.  eaptU  aerpenlis  L.  Oban;  TerebraUUa  d*Orb.,  T, 
JSpitzbergensis  Da  v.,  N.  British  seas ;  Argiqpe  Deslongchamps,  A,  deeolUUa 
Chemnitz,  English  Channel ;  CisUlla  Gray  (Fig.  459),  C,  cisUllula  S.  Wood, 
N.  British  seas,  English  Channel;  Megerlia  King;  Kraussina  Dav. 

Fam.  2.  Theoidiidae.  Shell  plano-convex,  usually  fixed  by  beak  of  ventral 
valve.     Thecidium  Defr. 

Fam.  3.  Bhynehonellidae.  Shell  biconvex,  hinge  usually  curved ;  beak  of 
ventral  valve  incurved  with  foramen  ;  calcareous  brachial  supports  as  a  pair  of 
short  curved  crara ;  arms  coiled  in  spiral.  Bhynchonella  Fisch.  (Fig.  463), 
R,  psiUaeea  Gmclin,  N.  British  seas;  Atresia  Jefif.,  A,  gnomon  J.,  west  of 
Donegal  Bay  in  1400  fathoms. 

*  The  localities  mentioned  in  this  list  refer  only  to  the  places  in  the  British 
area,  where  the  species  have  been  obtained.  They  are  taken  from  Shipley's 
article  in  the  Cainb,  Nat.  Hist, 


CHAPTER   XVII. 

CHAETOGNATHA/ 

Hermaphrodite  CoetoDicUOy  in  which  the  body  is  divided  into  three 
regions  or  segments.  The  head  carries  two  groups  of  sickle-shaped 
setaCy  and  the  central  nervous  system  consists  of  cerebral  and  sub- 
oescphageal  ganglia  connected  by  circumoesqpJiageal  commissures. 

The  Chaetognatha  are  a  very  small  group  of  transparent  pelagic 
organisms.  Though  small  in  numbers  and  presenting  but  little 
variety  of  organisation,  the  group  is  one  which,  both  in  its  adult 
structure  and  embryonic  development,  is  of  the  greatest  interest 
to  naturalists.  It  is  impossible  to  relate  it  to  any  of  the  great 
phyla  of  the  animal  kingdoms,  and,  like  so  many  of  the  groups 
which  we  have  recently  considered,  it  must  have  assigned  to  it 
the  dignity  of  phyletic  rank. 

In  certain  features  of  structure,  e.g.^  in  the  form  of  the  nervous 
system,  and  in  the  relations  and  character  of  the  coelom,  it  resembles 
the  Annelida,  but  it  differs  from  them  in  the  small  number  and  in 
the  character  of  the  segments  of  which  the  body  is  composed,  in  the 
absence  of  distinct  nephridia  and  a  vascular  system,  and  in  the 
structure  of  the  embryo.  For  though  the  egg  is  small,  and  the  whole 
development  takes  place  in  the  sea,  there  is  no  larval  stage  which 
in  any  way  recalls  the  trochosphere,  and  the  coelom  is  developed 
from  archenteric  diverticula,  a  feature  which  is  found  in  no  Annelid. 

As  in  the  Brachiopoda  the  coelom  consists  of  three  pairs  of 
chambers  separated  by  transverse  septa,  and  as  in  that  group  the 
division  of  the  coelom  is  effected  subsequently  to  its  establish- 
ment as  a  single  enteric  diverticulum  on  each  side. 

*  A.  Krohn,  **  AncU.-physiol.  Btobachtungen  Ub,  die  SagiUa  bipundata^** 
Hamburg,  1844.  R.  Wilms,  "Z>c  SagiUa  mare  germanicuni  circa  insulam 
Helgoland  incolente^'  Beroliiii,  1846.  A.  Kowalewski,  "Embryologiache  Studiea 
au  WUrmern  u.  Arthropoden,*'  M4m.  de  VAcad.  Fetersbourg,  16.  O.  Hertwig. 
"  Die  Chaetognalhcny  eine  Almiographie,'*  Jena,  1880.  B.  Grassi,  " I.  Chetognathi," 
Flora  und  Fauna  d.  Oolfes  von  Neapel^  1888.  S.  Strodtmann,  **  Die  Systematik 
der  Chaetognathen  etc.,"  Arch.  Naturg.,  58,  1892. 
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The  body  is  elongated  and  divided  into  three  regions — the  head, 
the  trunk,  and  the  tail  (Fig.  468).  The  mouth  is  on  the  ventral 
surface  of  the  head,  and  has  the  form 
of  an  elongated  slit  (Fig.  469).  The 
anus  is  on  the  ventral  surface,  at  the 
junction  of  the  trunk  and  the  tail. 

The  head  is  sightly  swollen,  and  is 
partly  covered  by  a  prepuce-like  fold  of 
the  skin  (Fig.  469),  which  arises  from  the 
doisal  aide  of  the  head  and  forms  a  kind 
of  hood   more  developed   laterally  than 

veutrally.     It  carries  two  laterally  placed  r-j.      i  lji_ 

^ups    of    sickle  -  shaped    setae    and    a  7   . .  IS ' 

number  of  short  spines.  Moreover,  there 
are  two  eyes  in  close  connection  with 
the  cerebral  ganglion.  Close  behind  the 
head  on  the  dorsal  surface  there  is  an 
annular  modification  of  the  ectoderm  (Fig. 
468  S),  the  cells  of  which  bear  cilia ; 
this  is  supposed  to  be  an  olfactory  organ. 
The  body  possesses  one  or  two  pairs  of 
flat  cutaneous  fin-like  folds — the  lateral 
fins — and  the  tail  is  surrounded  by  a 
caudal  fin.  The  fins  consist  of  a  fold 
of  the  ectoderm  containing  a  gelatinous 
substance,  on  each  surface  of  which  he 
some  chitinoua  rod-like  rays  beneath  the 
ectoderm. 

The  skin  consists  of  an  epithelium,  the 
cells  of  which  may  be  arranged  in  one 
or  in  more  than  one  layer,  of  a  basement 
membrane,  and  of  a  layer  of  longitudinally 
disposed  muscular  fibres;  the  latter  are 
disposed  in  the  trunk  and  tail  in  four 
bundles — two  dorsal  and  two  ventral 
{Fig.  470),  and  the  fibres  are  cross-striped ; 
these  muscles,  both  in  their  arrangement 
and  appearance  in  transverse  section,  are 
very  like  tlioae  of  the  Nematodes.  In 
the  head  the  muscles  are  broken  up  into 
bundles  which  work  upon  the  jaws.  hidldbIji;  r  oitutmy  or^a. 
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The   alimentary  canal    { 


straight  tube,  and  is  divided  into 
oeeophagUB  and  intestine.  There 
are  no  special  glands  opeuii^ 
into  it 

The  netrous  >yrtom  coDBista  of 
a  cerebral  ganglion  in  the  head, 
and  a  la^  elongated  Tentrai  gan- 
glion— the  Buboesophageal  gangUon 
— placed  in  about  the  middle  of 
the  bod;  length.  These  two  gan- 
glia are  connected  by  long  circum- 
oesophageal  comnuBsures,  and  the 
whole  of  this  part  of  the  nervona 
system  ties  in  the  ectoderm  (Fig. 
470).  There  is  in  addition  a  pair 
of  ganglia  connected  with  the  cere- 
bral, and  with  each  other  below  the 
oesophagus ;  these  are  placed  in  the 
mesodenn  and  supply  the  muscles 
of  the  head. 

The  sense-organs  consist  of  a 
pair  of  eyes  on  the  dorsal  surface 
of  the  head,  innervated  from  the 
cerebral  ganglion ;  the  annular  tract 
of  ciliated  ectoderm  on  the  dorsal 

surface  already  mentioned — it  is  supposed  to  be  olfactory  in  function, 

and    varies    in    shape    in    different 

species ;  and  tactile  papillae  consistii^ 

of  ectoderm  cells,  and  distributed  all 

over  the  surface. 

There  is  no  vascular  system. 
The  body-cavity  is  well  developed, 

and,  as  is  shown  by  its  development 

and  its  relation  to  the  male  generative 

organs,  is  a  coelom.     It  is  lined  by 

a   layer    of    flat    epithelium,    and    is 

divided  into  two  lateral  halves  by  a 

longitudinal    septum,    in    which    the 

alimentary  canal  is  placed  (Fig.  470) ; 

this  constitutes  the  dorsal  and  ventral 

mesentery,  and  in  the  tail  the  septum. 
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It  IB  further  divided  by  two  transverse  septa  into  three  successive 
chambers ;  one  in  the  head,  another  in  the  trunk,  and  the  thiid 
in  the  tail  (Fig.  468).  These  chambers  are  indications  of  segmenta- 
tion, though  the  exact  mode  of  their  origin  from  the  original 
continuous  coelom  has  not  been  made  out.  Of  these  three  coelomic 
chambers  or  segments,  the  posterior  alone  has,  so  far  as  is  known, 
a  communication  with  the  exterior  through  the  male  generative 
ducts. 

Q«neratiTfl  argajo.  The  animals  are  hennaphrodite.  The  female 
organs  are  contained  in  the  middle  segment  of  the  body,  and  the 
oviduct  opens  on  each  side  of  the  anus  at  the  junction  of  the  middle 
and  caudal  regions.  The  ovaries  are  placed  one  on  each  side 
(Fig.  468);  they  are  solid  and  are  attaclied  to  the  wall  of  the 
'"'^yi  projecting  into  the  body-cavity.      The   oviducts   are   narrow 


if  Si'ailla  (troai  Lug.  liter  HBrtwIgX  K  blMtopon;  iid  uch- 
tDUran;  a  priiiiitlvg  genentlva  cslIaT  p™  apUncbnlc,  pm  aonittic  ([Wrietal)  Uyer  of 
maodtnii:  d  mJiniriiC  or  IntnitliiK :  u  coelomtc  ncs ;  M  ■totiiadaeiiin  (ectodsniial  iogioirth 
irblch  romkA  the  interior  |4rt  of  the  alliiienbiry  cuialj. 

tubes  extending  along  the  outer  sides  of  the  ovaries  and  lined  by 
an  epithelium.  They  end  blindly  in  front,  and  open  to  tlie  exterior 
beliind ;  they  sometimes  contain  spermatozoa.  The  ova  are  not 
dehisced  into  the  coelom,  and  it  is  not  known  how  they  get  into 
the  oviducts,  which  appear  to  be  much  too  nari'ow  to  contain 
them. 

The  testes  are  thickenings  of  the  parietal  coelomic  epitlielium  in 
the  anterior  part  of  the  caudal  chambeis  of  the  body-cavity.  CelU 
break  off  from  them  and  fall  into  the  body-cavity,  where  they  develop 
into  spermatozoa.  The  male  generative  ducts  (Fig,  46S)  are  paired 
tubes  opening  on  the  side  of  the  body  in  the  caudal  region,  and 
internally  by  a  ciliated  opening  into  the  caudal  region  of  the  coelom. 
Ttie  vesicula  seminalia  is  a  dilatation  on  the  course  of  the  short 
vas  deferens. 
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No  separate  renal  organs  are  known. 

Develfqiment.  The  ova  are  transpaient  structures  which  float  on 
the  surface  of  the  sea,  except  in  Spadella  cephaioptera,  which  attacbm 
them  to  seaweeds.  The  mode  of  oviposition  and  the  place  of  fertili- 
zation is  not  known,  ^h^  whole  development  takes  place  in  the  sea, 
and  there  is  no  larval  staga  The  segmentation  is  complete,  and  leads 
to  the  fonnation  of  a  hollow  blastopbere,  and  an  invaginate  gastrula. 
The  blastopore  closes  at  the  posterior  end  of  the  embryo,  and  the 
mouth  is  a  new  formation  at  the  anterior  end.  The  archenteron 
gives  off  two  pouches  from  its  posterior  end  (Fig,  471),  and  thus 
becomes  trilobed.  The  middle  lobe  acquires  an  opening  to  the  exterior 
at  the  front  end,  while  posteriorly  it  opens  into  the  part  of  the 
archenteron  which 
opens  into  the  lateral 
pouches  (Fig.  471). 
This  hind  opening 
becomes  closed,  so 
that  the  middle  lobe 
forms  a  tube  opening 
in  front  by  the  mouth, 
and  behind  ending 
blindly,  and  thus 
gives  rise  to  the  en- 
teron.  The  anus  is 
formed  later.  The 
portion  of  the  arch- 
enteron thus  sepa- 
rated off  is  the  coel- 
om;  it  consists  of  two 
lateral  sacs  opening  inte  an  unpaired  portion  (Fig.  471)  behind. 
From  the  anterior  end  of  the  two  lateral  sacs  a  portion  is  cut  off, 
which  apparently  becomes  the  cephalic  sections  of  the  adult  coelom 
(Fig.  472).  The  further  changes  of  the  hinder  part  of  the  coelom 
into  the  adult  condition  have  not  been  followed. 

One  of  the  most  remarkable  features  of  the  development  of  Stuptta 
is  the  early  appearance  of  tlie  generative  cells,  if  indeed  they  be  such. 
These  appear  in  the  gastrula  stage  as  a  prominence  of  six  cells 
projecting  from  the  hypoblast  at  the  anterior  end  of  the  archenteron. 
This  mass,  on  the  folding  of  the  archenteric  wall,  is  placed  at  the 
hind  end  of  the  median  lobe  (Fig.  471),  and  when  the  division  of  the 
archenteron  takes  place  it  remains  in  the  coelomic  portion  (Fig.  472), 
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and  divides  into  an  anterior  and  posterior  part  on  each  side.     The 
former  is  said  to  constitute  the  ovary,  and  the  latter  the  testis. 

As  stated  above  the  Chaetognatha  are  essentially  pelagic  organisms. 
They  swim  by  flexion  of  the  body,  and  have  been  taken  at 
considerable  depths  (600  fathoms).  One  species  is  littoral  {Spadella 
cephaloptera). 

The  Chaetognatha^  in  posseBsing  three  divisions  of  the  coelom,  resemble  the 
Braehiopoda,  on  the  assumption  that  the  gastro-  and  ilioparietal  bands  of  the 
latter  group  are  the  remains  of  transverse  coclomic  septa  (p.  580).  In  the 
same  feature  they  also  resemble  Balaiwglossua,  The  resemblance  to  the  latter 
is,  however,  diminished  by  the  fact  that  the  division  of  the  coelom  into  three 
chambers  is  not  an  original  one,  but  occurs  subsequently  to  the  separation  from 
the  archenteron.  There  is  this  further  difference,  viz.,  in  Balanoglossus  it  is  the 
anterior  portion  of  the  embryonic  coelom  which  is  unpaired  and  median,  while 
in  Chaetognatha  it  is  the  posterior  part.  With  regard  to  the  latter  point  it  is 
possible  that  further  investigations  of  the  embryos  of  the  Chaetognatha  with 
modem  methods  may  disclose  some  errors  in  the  old  accounts,  and  with  regard 
to  the  firat,  it  must  not  be  forgotten  that  even  iu  the  same  group  the  coelomic 
sacs  may  differ  as  to  when  they  divide  up  transversely;  e.g.^  in  the  Echino- 
dermata — in  which  group  it  is  probable  that  the  typical  arrangement  of  coelomic 
sacs  is  one  unpaired  and  two  paired — the  sacs  may  in  some  forms  arise  separately 
from  the  archenteron,  and  in  others  arise  by  the  division  of  one  archenteric 
diverticulum  on  each  side. 

Three' genera  of  CJiaetognatha  are  known. 

Sagitta  Slabber,  with  two  pairs  of  lateral  fins. 

Krohnia  Langerhans,  with  one  lateral  fin  on  each  side  extending  on  to  the 
caudal  region. 

Spadella  Langerhans,  with  one  pair  of  lateral  fins  on  the  tail,  and  a  thicken- 
ing of  epidermis  on  each  side  of  the  body  from  the  head  to  the  fin. 
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Abyla,  149. 
Acabaria,  182. 
Acalcphae.  156. 
Acanella,  182. 
Acantharia,  23. 
Acanthaticus,  92L 
AcaDtliHstraea,  196. 
AcaiithelUi,  96,  133. 
Acantliin.  21. 
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259. 
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Acanthochiton,  392. 
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Acanthocotyle,  234. 
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Acaiitho)i<)ra   196. 
Acantho]>tiliim,  181. 
Acaraiis,  96. 
Acaulis,  130. 
Acephala,  320. 
Acephalocyst.  261. 
Accra,  405,  406. 
Aceromiiu'Hs,  187. 
Aceri)s,  22S. 
Achaeta.  509. 
Acharadria,  130. 
Achatina,  380. 
AcholcK?,  478. 
Acicula,  39«.  398. 
Acicnlinae,  97. 
Aciciilites,  94. 
Aciculuiu,  4e30. 
Aciiieta.  53. 
Acinetaria,  26,  51. 
Acis,  183. 


Acmaea,  394. 
Acmostomuni,  220. 
Acoela,  211,  218. 
Acoeta,  478. 
Acontia,  105. 
Acotylea,  222. 
Acra8i8,  18. 
Acras))eda.  156. 
Acra8i)edote,  109. 
Acrohelia.  195. 
Acrophalli,  278. 
Acrorhynciui.s,  220. 
Actaeon,  361,  364,  372, 

385,  404,  405,  406. 
Actacoiiia,  414. 
Actinaiige,  187. 
Actine,  82. 
Actinelida,  23. 
Actineria,  188. 
Actineni.s.  187. 
Actinia,  187. 
Aotiniaria,  183. 
Actiiiidae,  188. 
Actiuinae,  187. 
Actiiiioides,  187. 
Actinobolus.  45. 
Actinocephalu.s,  59. 
Actiiioileiidron.  188. 
Actiiiogoniuni.  130. 
Actiiioloba,  187. 
Actinolophiis,  19. 
Actiiioinonas,  30. 
Actiiiophrys,  19. 
Actinoj)sis,  188. 
Actinospbaoriunj,  19. 
Acystosporidia,  62. 
Aotinoatola,  187. 
Actinothrix,  187. 
Actinotricha,  49. 
Actiiiotrocha,  545. 
Actinozoa,  168. 
Actiiiiirus.  308. 
Aoycliis.  307. 
Adainsia,  187. 
Addisonia,  394. 
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Adeica,  61. 
Adelocodonic,  126. 
Adelocodoiiic  gonopliore^ 

120. 
Adeoiia,  566. 
Adeoiiella,  566. 
Adeorbis.  398. 
Adiiieta,  308. 
AcHnida,  34. 
Adoral  row,  40. 
Adradial,  118. 
Aegiiia,  136. 
Aeginella,  136. 
Aetea,  564 
AeginetA,  136. 
AegiiKMliscus,  136. 
Acginodorus,  136. 
AeginopsLs,  109. 
Acgi!iorho(iiis,  136. 
Aeginiira,  136 
Aegir,  188. 
Aegiriis,  369,  412. 
Aegyria,  46. 
Aeolidioidea,  412. 
Aeolis,  412. 
Aeolosonia,  455. 
Aequorea,  134. 
Aequondae,  134. 
Aetna)  itiin,  16. 
Aetheria,  347. 
Agalma,  153. 
Agalinopsis,  153. 
Agaricia.  196. 
Agelas,  96. 
Aglaisma,  149. 
Aglantba,  135. 
Aglaopbenia,  133. 
Aglaura,  135. 
Aglanropsis,  135. 
Agliscra,  135. 
Aiptasia,  187. 
Air-funnel.  150. 
Al  =  alimentary. 
Alaurina,  219. 
All)€rtia,  309. 
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AHinnien  glaiido  of  Oli-  I 
gochacta,  505.  ' 

Aldtio«,  208. 
Aldopa,  479, 
Alciojiiiw.  479. 
A[cjoiiacr?a.  178. 
Alcyotiaria,  175. 
Alcyondk,  568. 
AIcyonidiuTii.  .'>.'■«,  667. 


Aleyon 
AUeti, 


AW    . 
Alpctoiia,  97. 
Alexia,  415. 
AlRol,  94. 
Alicia,  187. 
AlitU,  479. 
AIUntoiu> 


I,  179. 
if.,  413. 


>.  478. 


AIImi: 

Alloioi'.!,!,  220, 
Alloi')l.->l'h.iia,r.03,  51 
Alloiiioi  ]iljiiiu,  13. 
Allopora,  129. 
AllopOBU.',  420,  446. 
Alloxtoiiium,  220. 
Allnroidfw,  508. 


Allur 
Ainu 


1.512. 
511. 


■».  197 

17. 


AW. 

Alw- 

Amalthaeg,  130,  131. 
Anmthiit.  567. 
Am&uroclisete,  17. 
Am1ier.iinHU.  410, 
Aininocliaridiie,  484 
AniniodiHciis,  13. 
jimmocoDidiie,  US. 
Amnionactis,  1S8. 
Aiuiiionitea,  417,  444. 
Animothpu,  179. 
Aniiiiiitrvivine,  487. 
AlTio.'l,n;il. 
Amoolioi'Iea,  11. 
Amo.'l-..^].oririi(i.  69. 

Amoebuliic,  17, 
Amiihaivt^,  486. 
Aniiiliiantbiia,  187. 
AnlplHlK]<^IU,  236. 
Aiiipliili1ei>tnls,  95. 
Ani|ihit)lG8tni!ii,565. 
Ainiihiliola,     Ml.    375, 

414,  416. 
Amphirlmcte,  509. 


,  -n. 


1,92. 


Amphigleii 
Aitiphiliclia,  196. 
Anipliilaphis,  182. 
AmpliilpuCua,  96. 
ATiii>hi|.'|>tiis,  45,  46. 
Api.j.h 


K.5,  5 
M,  131. 


AniHOplours,  392. 
I   Aniiulnliis.  611. 
Annelida,  447. 
Auu^^^Iifl,  221. 
AniMlnnU.  329,  342,  313, 


1,345. 


Amphinonia,  480. 
Ampliiiwplca,  415. 
Ainplii|K>nis,  271. 
'  niplii]ioruH    aplctidens, 


'    Aiiii.)n-l..mupii.W5,23a 

I    AiiiphilHt,',  486. 
I    Amptiitroclin,  475. 

Amp]) ins,  97. 
I    AmphiinnelU,  11. 

Anipli'iriiwiH,  90. 
'    Ampiillaria,     ;174.     HiS, 

i      3S0,  si>6,  a9e,  399. 

Anabacia.  196. 
i   AnsohseU,  4»5.  509. 

Anuroporu,  197. 
I   AimiUs,  479. 

Anal  cirri,  49. 
.  Aimmisilla,  90. 
I    Ajiarthrrtjiora,  56ft 

Aiiatina,  349. 

Aiintinacea,     340.    342, 
I       349. 

'    Anatiiiafiea,  328. 
1    Ain;Jllnitii,:iSfl.397. 
'    Aii.:i-Li»ni,  47 

!   Aucula,  410,  412. 

Ancylaa,  375,  41& 

AiicyracaiitliuB.  289. 

AHRjTtiinnTias,  30. 

Andrakiudac.  188. 
I    Aiii'inonia.  187 
'    Angela.  156. 
1   AiiKuilluU,  2Sl   291. 
,   Aiifriiilliill,!,!,'.  -jsa. 
'    Aiif,-;!!™-!!*,  567. 
'    Auiaoccras,  480. 


\  341. 
■    Al».|iK"hldl.ta,.,  95. 

An(invmus,21 1.217,223. 
I    Anoplia,  95. 

AnoplM-ejihala,  2S1. 

Ano]>Ia<]iiini,  220. 
j    Ano])lcHyllis.  47ft 

Aiio]ilo]>lirja.  47. 
'    A[iteniiu  RotifiTa,  3I», 
[    Ant"nii»UiJ:i,  133. 


Anilif  m...l64, 153, 

tli^^morpliv,  187. 

tlrobutlmiim.  m 

tUwitylr-,  235. 

lliiwisi;.,  182, 


AntliopUvsa.  30,  153. 
Anthopleiini.  187. 
AiitlioiHHiiimi,  178. 
Intluijitihim.  181. 


422. 


f  Xantihif: 


Aperture  of  shcU,  361. 
Aliexofsliell.  325,301. 
ApliniiiiaUiea,  190. 
AplianoalODiiinii  219. 
AphwIuK.  7 


.    ApLrn 
1   Apl.r, 


alli,,l 


5,478 


I  Aplti^li-iiti],  4M 

!  Aplvsia.    W^.   ■-. 

I  404.  407. 

I  Aplvsii'lla,  407. 

'  Apljsilla,  93. 

j  Aplysina,  99, 

I  Ap1ysino]>si3.  91 
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Apljsioidea,  407. 
Apodiiia,  311. 
Apolemia,  152. 
Apolemopsis,  152L 
Apomatus,  491. 
Apopyle,  77. 
Ajwrosa,  193.  194. 
Aporrhais,  400. 
Apple-snail,  399. 
Apsihis.  300,  307. 
Aptyclms,  444. 
Aquiferous  canals,  321  ; 

pore,  357. 
Arabella,  481. 
Arachnactis,  100,  190. 
Area.  331,  833,  334,  336, 

345. 
Arcacea,  345. 
Arachnidium,  567. 
Ai-cella,  11,  12. 
Arehaedisciis,  15. 
ArchacoMeila,  526. 
Arche3iK)re,  60. 
Archiaiinelida,  451. 
Archive  tea,  244,  256. 
Archirhiza,  167. 
Arch iUui this,  417,  445. 
Arcidae,  328,  341. 
Arcyria,  17. 
Area,  325. 
Arenieola,  459,461,463, 

465,  488. 
Aretlmsa,  156. 
Argiopo,  576,  5S1,  585. 
Argonauta,     420,     437, 

440,  441,  446. 
Arhvnchiis,  296,  297. 
Ancia,  463,  467,  482. 
Aricidea,  482. 
Arion,  379.  416. 
Arippasa,  491. 
Aristenia,  480. 
Annandia,  487. 
Armed  ealaniarv,  445. 
Arnieni.sta.  144. 
Arnnla,  52.  53. 
Artaniaceae,  486. 
Arteinisina,  96. 
Articulata,  566. 
Artiscii.s,  23. 
Ascaris,  27«,  277,  283. 
Ascoglena,  31. 
Asc()gloM»*ji,  413. 
Ascon,  75. 
Ascoiienia,  92. 
Asconklae,  89, 
A.sexual  reproduction,  71 , 

218,    221  ;     medusae, 

118;  eoeleuterata,  120 ; 

polychaeta,  468 ;  oligo- 

chaeta,  507. 


Aspcrgillum,  327,  349. 

Aspidisca,  49. 

AspidobraDchiata,  393. 

Aspidoeephalus,  284. 

Aspidocotyle,  2SS. 

Aspidocotylea,  236. 

Aspidogaster,  232,  237. 

Aspidosiphon,  539. 

As])ido.storaa,  566. 

Aspirotricha,  46. 

Asplanclma,  303,  309. 

Assiminea,  398. 

Astacolxlella,  509. 

Astartidae,  328,  347. 

Asterope,  479. 

Asteropus,  97. 

Asterosmilia,  195. 

Astraeoiwra,  197. 

Astrangia,  195. 

Asti-ella,  94. 

Astasia,  31. 

Astasiopsis,  31. 

Aster,  85. 

Astroeoenia,  196. 

Astroides,  197. 

Astroloncbe,  23. 

Astrolophus,  23. 

Astroi>eplus,  95. 

Astrophora,  94, 

Astrorhiza,  13. 

Astylozoon,  51. 

Astylus,  129. 

A.symmetry  of  TJastro- 
poda,  383,  3S5. 

Athoraccjphorus,  416. 

Atboralia,  152. 

Athoria,  152. 

Athorybia,  153. 

Atlanta,  401,  402. 

Atoll,  173. 

Atolla.  167. 

AtoiM)s,  416. 

Atractylis,  130. 

Atretia,  585 

Atrium  gcnitale,  215  ;  of 
Oligoc'liaeta,  505. 

Atrooha,  474. 

Attractonema,  282,  291. 

Atys,  406. 

Auditory  organs,  Medu- 
sae, 115. 

Audouiiiia,  485. 

Auger-shell,  397. 

Aulaeantha,  24. 

Aulactinia,  187. 

Aubictiuium,  24. 

Aulascus,  92 

Aulastoma,  516,  527. 

Aulena,  97. 

An  local  yx,  92. 

Aulochone,  92. 


Anlocystis,  93. 
Aidorchis,  188. 
Auralia,  154. 
Aurelia,  109,  167. 
Aureliana,  186. 
Auricle  of   Ctenophora, 

202. 
Auricula,  414,  415. 
Auronectae,  153. 
Auropbore,  153. 
Auropbysa,  155. 
Aurora,  94. 
Aurosa,  167. 
Autolytus,     467,     470, 

476. 
Automolos,  220. 
Autozooids,  177. 
Avenella,  5(37. 
A  vie.  =avicularia. 
Avicula,  331,  336,  841, 

346. 
Avicularia,  553. 
Axifera,  182. 
Axine,  236. 
Axinella,  96. 
Axinus,  347. 
Axiothea,  488. 
Axoniderma,  96. 
Azorica,  95. 
Azygobrancbiate,  395. 
Azygojilon,  133. 

Babesia,  63. 
Bacillus,  86. 
l^iuDiamia,  17. 
Bajulus,  93. 
lialanites,  92. 
Balanopbyllia,  196. 
Balantidio])sis,  48. 
Balantidiuni,  48. 
Balea,  416. 
Balladiiia,  49. 
Barathrobius,  179. 
Barrier  reef,  172. 
Barroussia,  61. 
Barybelia,  195. 
Basal  plate,  coral,  192. 
Basommatophoni,  415. 
Bassia.  149 
Batbelia,  195. 
Bath  sponge,  98. 
Batbvactis,  196. 
Bathyanthus.  190. 
Batbvbius,  11. 
Batbycodon,  131. 
Bathvdorus,  92. 
Bathygorgia,  182. 
BathyiKithes,  191. 
Bathyphysa,  153. 
Bathyptilum,  181. 
Batrachobdella,  526. 
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Bdellodrilus,  509. 

Bdelloida,  308. 

Bdelloidea,  300. 

Bdellura.  221. 

Beania.  565. 

Bebryce,  183. 

Bela,  397. 

Belemnites,  417,  445. 

Beloidea,  23. 

Belonaspis,  23. 

Belonozoiim.  23. 

Bcllonella.  179. 

Benhamia,  497,  511. 

Berenice,  134. 

Beroe.  208. 

Bicellaria,  565. 

Bicosoeca,  30. 

Biemnia,  96. 

Bifaxaria,  565. 

Biflustra,  565. 

Bikoeoina,  30. 

Bilharzia,  240. 

Biliniba,  511. 

Biloculina,  13. 

BilocuHnc,  9. 

Binieria,  130. 

Bipcctinate,  394. 

Bipenuate  (hipectinate) 
ctenidiuni,  373,  374. 

Bispira,  490. 

Bistylia,  194. 

Bithyiiella,  398. 

Bithynia,  380.  381,398. 

Bladder-worni,  252. 

Blastopore  of  Gastro- 
|)oda,  380. 

Blastopore  is  the  mouth 
of  the  Gastrula. 

Blastostyle,  l'i6. 

Blepharisina,  48. 

Blood-gland  of  Gastro- 
poda, 373. 

Boat-shell.  397. 

Bodo,  28,  29. 

Bodoiiina,  31. 

Bodoninao,  29. 

Boheniilla,  509.  , 

Bojaiius,  organ  of,  321, 
341. 

Bolina,  207. 

BolinoDsis,  207. 

Bolivina,  13. 

Boloecra,  187. 

Ronellia,  .^)30,  533. 

Bonnet  linijwt.  398. 

Boring  Mussels,  348. 

Borlasiji,  272. 

Borlasia  sj)lendida,  268. 

Botellina,  13. 

Bothridiuin,  256. 

Bothriinonus,  258. 


Bothriocephalus,       245, 

250,  256. 
Bothrioneuron,  508. 
Bothrioplaua,  220. 
Bothriopsis,  59. 
Bothromesostomuni,  219. 
Botryoidal  tissue,  519. 
Botryoidea,  23. 
Bougainvillea,  109,  130. 
Bowerbankia,  567. 
Brachiolophus,  168. 
Brachionus,  301,  310. 
Brachiopoda,  573. 
Brachydrilus,  500,  508, 

506,  511. 
Brachytrochus,  194. 
Bract,  139. 
Brada,  489. 
Brady nenia,  281,  290. 
Branchellion,  526,  513, 

521. 
Branchial  heart,  436. 
Branchiobdella.  509. 
Branchiomnia,  464,  490. 
Branchiura,    495,     498, 

508. 
Brefeldia,  17. 
Brettia,  564. 
Briareuni,  182. 
Broderipia,  395. 
Bryodrilus,  509. 
Bryozoa,  549. 
Bubble-shell,  406. 
Buccal     j^anglia,     319 ;  ! 

mass,  369.  ' 

Buocinum.  358,  386, 396.   . 
Buchholzia,  509. 
Bugula,  565. 
Bulimina.  13. 
Bulinius,  380,  416. 
Bulla,  405,  406. 
Bullia,  361.  396. 
Bulloidea,  405. 
Bunodeopsis,  187. 
Bu  nodes,  187. 
Bursiiria.  48. 
Buskia,  567. 
Buskiella,  489. 
Butschlia.  46. 
Bylgia,  478. 
Byrsophlebs,  220. 
Byssus,  330. 

Cabcrea,  565. 
Cacochalyna,  96. 
Caecilianella,  416. 
Caenomorpha,  49. 
Calamary,  445. 
Calaniphora,  132. 
Calcabrina,  95. 
Calcar,  300. 


Calcarea,  89. 
Calcareous  glands,  497. 
Calcarina,  14. 
Caleschara,  565. 
Calices,  195. 
Calicotyle,  234. 
Caligorgia,  182. 
Callianira,  207. 
Callidina,  304,  308. 
Callidrilus,  511. 
Calliobdella,  513,  52a 
Calliobothrium,244  259. 
Callipelta,  94. 
Callijx)diuni,  178. 
Callisis,  182. 
Callistephanus,  183. 
Calliteuthis,  445. 
Callitiara,  131. 
Callizona,  479. 
Callochiton,  392. 
Callozostron,  182. 
Calpc,  149. 
Calthro|)ella,  94. 
Calthrops,  84. 
Calycolla,  132. 
Calycle,  128. 

,,        (theca).  193. 
Calyconectae,  144. 
Calycophoridae,  144. 
Calynima,  21,  208. 
Calymniophoi-a,  565. 
Calypterinus,  182. 
Calyptoblastea,  126.182, 

132. 
Calyptotricha,  47. 
Calyptraea.  398. 
Calvptrophoi-a,  182. 
Calyx,  96. 
Caniinus,  94. 
Campanaria,  134. 
CamT>aniclava,  129. 
Cam)mnopsis,  132. 
Campanularia,  132, 134 
Cam])anulina,  132.  134. 
Canal  .system  of  Aeras- 

peda.  112  ;  of  Crasp^- 

dota,  112. 
Canalis    gynaocopliorus, 

240. 
Cancel laria.  397. 
Canda,  565. 
Candeina.  14. 
Caneplioridae,  486. 
Canidia,  386,  396. 
Cannophysii,  155. 
Cannopilus,  35. 
Cannorhiza,  168. 
Cannostoniae,  167. 
Cannota,  134. 
Caobangia.  462,  491. 
Capillitium,  16. 


Ci>i>ite1U.  461,  486. 

Cerstina,  97. 

Chiliu  snail,  416. 

CaiiitellifomiU,  486. 

Cer&Utes.  444. 

Chilifera,  47. 

Chilina,  4ia 

fo(>Hca,  186.  ' 

Ceiato^,  98. 

Chilodon,  46. 

CeratolrocliiH,  194. 

Uhiiciiiouas,  31. 

605 

Cerc-ria,  229     echin»t«, 

Citiiticuk,  350. 

281 :  niaoroceroa,  231 ; 

CI     wi   I       509 

C»]^ii]ua,  398. 

miiiuU,  231. 

Ch     (1    1        166 

CMivtlU,  156. 

CtTcyi  ii.  221. 

U          iltlj      179. 

Cari.»-.'^i.  565. 

Cc...aclb.  167. 

CI      j«l          166 

CiTflnLtiil,.^,  272. 

t  1            tl       445 

Qin"ii,H.=,V  348, 

C'eiilmli>t)iaiiiiiiiim,  30. 

< 1  )      1           491 

Cardinal  twth,  325. 

Cerasteatina,  15. 

tl   t        )  U   392 

CudiU,  347. 

LVnilicnuysH,  17. 

Ch  t«Dact      187 

Oirdiiiiii.  S-JH.  330,  341, 

Cfiatii.m.  34. 

til         tL       187 

3J5,  348. 

Cenitocorya,  34. 

CI  t      11      3'-    394 

Cari^ntoria,  14. 

Ceratoiiiyxn,  67. 

LM      jd          la.  347. 

Cm  Misi'liaera,  23 

Cl]      3  i  «1       46 

cJ„Ji«.  101,  402. 

Ceres,  395. 

(11      jlod     f     38. 

Canoflla,  270. 

Cerens.  187. 

CI  1      y !  ni     ad  ua,  29 

Carinoma,  270. 

Ceriaiitheae,  190. 

cii    3i     nv  29,aa. 

Camiarina,     109,     111, 

CeriaiiUnis,     104,     108, 

ClI      jd      J         17. 

136. 

190. 

Clil      jii  ih  ™   19. 

Oar,.i,ui,,  136. 

Ccritliidea,     357,     374, 

Chid          666 

C-iri,u~,.  95. 

39a 

CII    la  480 

Cartilasc^ofceulialopoda, 

Ceritliinni.  386,  399. 

CU    agoK         U     498. 
CU    ^^t,    32 

*'27. 

fcsloiia,  243. 

Caruncle,  430. 

tV^t.>-Uiii<l>i..,  256. 

Cn    1            489 

Ciryl.iii..,.  415. 

C^Htoi.lHi,.!.  222. 

CI  1                    46S 

&>rv.>,.lo-ll"Hi»-.24S,247, 

Cestus.  208. 

CII      L             32 

2&6i 

Chaenia.  46. 

CM         i           68 

C*ij<.jilijlli.i.  194. 
GisBiiVaria,  3ftS,  400. 

CIia*toljraricliiia,       496, 

CM      1   li        3L 

509. 

til      ph  11   28 

CassiMpriv  167. 

thl  roH»  J8B 

Cx'^'n.  400, 

CI     uocjtes     4 

Cik,tj  .1.1,1,  219, 

509.                     '         ' 

Cl«a     naKllatB,3Z. 

Citni.UMim.  131. 

OWlognatl.a,  58a 

CL  a    so^       8 

CiiUiiliis  399. 

Cliaetoiiotus,  311. 

Ch     dra  t    la  187 

e»lw,«ri,i,  565. 

Ci      d        1.3  u      9. 

C«t-iiii',.ll,i,  565. 

ChaetoproteuH,  U. 

Ch     d   11.  9S 

Cntli>iiiim»tA,  112. 

ChaeLo litems,  472,  475, 

CI      inod  m      17 

Calliyiiiin.  310. 

CKaot<,«».ia,  292,  484. 

Cl      d      lads  96 

C^ulnrulj'S,  92. 

Cl.a.-t„^<..,.-,  485. 

Ch      1           95 

ChiiIoiiIihciih,  93. 

Olmeiura,  311. 

Cl          491 

Cavernularm,  181. 

CliHla™tl,.,i«c«,  19. 

CI       lasna  93. 

C^vMuU.Am. 

Clialiua,  96- 

Chord,  83. 

Cellaria,  a,-.!,  566. 

Chaliiio|«i!la,  97. 

Clioriatea,  398. 

ailpmra,  566. 

Clialinon'ljauliU,  96. 

Choristida,  93. 

Cell.-pi>rolla.  566. 

Ulialk.  10 

Cliorizoiiora,566. 

Cell  of  iKilvz™,  549. 

Chania,  348. 

Cl.roniaai.re.  291. 

Ci.lliiluiifl.'565. 

CliarawUa.  94. 

Clironialni.borM.  28. 

Celliilariiiii.  564. 

Chariat*i.l,ane.  207. 

ChronialfliihorCT  of  C'eiih- 

Ce.ii,>Nft,  365. 

Cliaryldea.  168. 

aloTwds.  426. 

&iiudiwLi-..  -23. 

CliarylKlea  eve,  117. 

G:>itraile,-ii.,  141. 

Central  mjisiilfl,  30. 

Cliaiiiiotentliid,  446. 

Chrot^lla,  94. 

Cculmloimilu-  417. 

ClieiloatoitmU,  664. 

Chrysaora,  117,  167. 

Ce].liiiU»ii>li<>ii,  303. 

Cheirauaiitlius,  276. 

Chrysodoii.ns,  396. 

Ce|,lialolliril,  270- 

Cli^la,  85 

ChrysogorKia.  182. 

Celibca,  167. 

Clieuopufl.  400. 

Chrjsomitra,  143. 

Cerata,  S^'J. 

Cliiaslolus,  23. 
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Chry80|)ctaluni,  478. 
Chrysopyxis,  32. 
Chyluria,  289. 
Cieiikowskia,  17. 
Ciliata,  26,  37. 
Cilioflagellata,  33. 
Cilioplirys,  29,  30. 
Cinac'hyra,  94. 
Cinclides,  104. 
Cinetochilum,  47. 
Ciocalypta,  96. 
Cionidtes,  130. 
Circalia,  162. 
Circeis,  491. 
Cirratiilus,  485. 
Cirrhoteuthis.  SeeCirro-  | 

teuthis.  I 

Cirri,  461.  | 

Cirripathes,  190.  i 

Cirroteuthis,    420,    434,  I 

438,  440.  446.  i 

Cirrus,  39,  225. 
Ci8tella,  576,  581,  585. 
Cladiscus,  181. 
Cladocaiiua,  134. 
Cladocarjnis,  133. 
Cladocora,  195 
Cladocoryiie,  130. 
Cladonie,  83. 
Cladonionas,  31. 
Cladonema,  130,  131. 
Cladojvatbes,  191. 
Cladoj)cltidae,  94. 
Cladorhiza,  96. 
Cladiis,  83. 
Clam,  347. 
Claparedilla,  508. 
Clastoderiua,  17. 
Clathraria,  182. 
Clathria,  96. 
Clathrosphaera,  23. 
Clathnilina,  18,  19. 
Claiisilia,  380,  415,  416. 
Clava,  129. 
Clavagella,  344,  349. 
Clavatella,     130,     131 ; 

prolifi-ra,  109. 
Clavatula.  397. 
Clavella,  181. 
Clavula,  92,  129. 
Clavularia,  178. 
Clavuliiia,  13. 
Clavulinae,  97. 
Clematissa,  182. 
Clepsidrina,  59. 
Clepsine,  513,  519,  523, 

524,  526. 
Clinmcostonmm,  48. 
Clio,  372,  406. 
Cliona,  97. 
Clione,  367,  408. 


Clionidae,  72. 

Clionopsis,  374,  408. 

Clitellio,  508. 

Clitellum.  494,  506 ;  of 
Hirudinea,  514. 

Cloeosiphon,  539. 

Clyniene,  488. 

Clytia,  132,  134. 

Cnidaria,  123. 

Cnidoblast.  101. 

Cnidocil,  101. 

Cnidosac,  140,  146. 

Cnidospliere,  143. 

Coccidiidea,  59. 

Coccidium,  61. 

Coccodiscus,  23. 

Coccoliths,  11. 

Coccomonas,  32. 

Coccospheres,  11. 

Cocculiiia,  395. 

Cochleare,  310. 

Cochliopodium,  12. 

Cockles,  348. 

Cocoon  of  earthworms, 
506  ;  Hirudinea,  624. 

Codonella,  49. 

Codouidae,  130. 

Codoniuni,  131. 

Codonoeca,  30. 

Codonocladium,  33. 

Codonorchis,  131. 

Codosiga,  33. 

Coecum,  360,  399. 

Coelenteron,  100. 

Coelogorgia,  178. 

Coelom,  313  ;  of  Gastro- 
poda, .375. 

Coeloniata,  313. 

Coelomonas,  31. 

Coeloplana,  208. 

Coelopus,  309. 

Coeloria,  195. 

Coenenchyma  of  corals, 
192,  193. 

Coenenchynie,  168,  169. 

Coenocyathus,  194. 

CoenoHark,  125  ;  corals, 
193. 

Coenosome,  139. 

Coenosteum,  128. 

Coenurus,  251,  252. 

Colaciuni,  31. 

Colangia.  195. 

Coleps,  46. 

Colic  in  horse,  285. 

Collar,  32. 

Collaspis,  167. 

Collenchynie,  79. 

Collinclla,  94. 

Collodictyon,  31. 

Colloidea,  22. 


Collosphaera,  23. 

Collozouni,  2S. 

Colpidium,  44,  47. 

Colpoda,  47. 

Colponema,  31 

Colpophyllia,  195. 

Columbella,  396. 

Columella,  193,  361. 

Columellar  muscle,  319, 
362. 

Columuitis,  97. 

Colurus.  310. 

Comatricha,  17. 

Comesoma,  291. 

Conatheca,  425. 

Concholepas,  361. 

Conchologists,  398. 

Conchophthirus,  48. 

Conchuia,  184. 

Conchyolin,  326. 

Condylactis,  187. 

Condylostoma,  48. 

Cone-shell,  397. 

Conis,  131. 

Conjugation,  2. 

Conoceros,  22Z. 

Conochilus,  308. 

Conocyathus,  194. 

Conopora,  129. 

Conorbis,  397. 

Conorhynchus,  59. 

Conus,  361,  362,  397. 

Convoluta,  211,  219. 

Coi>ens,  309. 

Coppatias,  97. 

Coppinia,  132. 

Copromyxa,  18. 

Copulation  of  Cestoda, 
249  ;  of  earthworms, 
506 ;  of  Gastropoda, 
380 ;  of  Treraatoda, 
226;  of  Turbellaria, 
217. 

Coral  island,  173. 

Coral-reefs,  171. 

Corallimorphus,  186. 

Coralliopbila.  396. 

Corallistcs,  94. 

Corallite  (theca),  195. 

Corallium,  182. 

Corallura,  191. 

Corals,  183. 

Corambe,  371,  412. 

Corbicula,  347. 

Corbis,  347. 

Corbula,  127,  348. 

Cordylophora,  129. 

Connidium,  140. 

Coniularia,  175.  178. 

Cornulariella,  178. 

Cornuvia,  17. 
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299. 

ium,  23. 
76,  78. 
la,  95. 
ni,  95. 
.23. 

idriuni,  129. 
rpha,  130. 
tis,  186. 
130 

ea,  131. 
wis,  130. 
raca,  196. 
ienna,  98. 
[K)ridae,  93. 
26. 
194. 

lia,  38,  51. 
.  223. 
aster,  237. 
liza,  168. 
,  400. 
ctis,  187. 
is&,  168. 
a.  445. 
574,    575,    578, 

a,  «74. 
ella,  234. 
o|K)iiia,  398. 
uinoiiadiiia,  33. 
Ota,  123. 
ote,  109. 
Uidae.  328,  347. 
Ill,  17. 
ophuH,  164. 
uorpha,  92. 
coiieliU3, 386,398. 
la.  398. 
84. 
406. 
a,  17. 
la,  565. 

U8,  498,  506,  511. 
•).50,  563,  566. 
11a,    556,    561, 

iria,  14. 
s)>haera,  23. 
oma,  168. 
ra.  491. 
•acia,  196. 
elis,  222. 
ejihala,  490. 
hiton,  360,  362,  , 
J92.  I 

lendruni,  187.         , 
Iriliis,  506,  510. 
;leiia,  31.  I 

iclia,  129. 
Ilia,  133.  ' 


Cryptomonas,  31. 
Cryptoplax,  387,  392. 
Crystalline  style,  335. 
Crystal  lodes,  153. 
Crystallophanea,  178. 
Cteiiaria,  131. 
Ctenidium,  321. 
Ctenidium  bipennate 

(bipectinate),  373, 374; 

moDopectinate,  374. 
Ctenobraucbia,  395. 
Cteiiodrilus,  456. 
Ctenophora,  197. 
Ctenophore,  120. 
Ctcnoplana,  208. 
Cteuopteryx,  445. 
Ctenostoniata,  566. 
Ctcnotacnia,  262. 
Cubogaster,  131. 
Cuboides,  149. 
Cubomedusae.  166. 
Cucubalus,  149. 
Cucullaiius,  235,  280. 
Cucullus,  149. 
Cunautba,  136. 
Cunarcha,  136. 
Cuiicolaria,  153. 
Ciineolina,  13. 
Cuuina,  136. 
Cuiiissa,  136. 
Cimoctaiitba,  136. 
Clip  and  sancer  limpet, 

398. 
Cu])ularia,  566. 
Cupnlita,  153. 
Cuspidaria,  349. 
Cuspidella,  132. 
Cuttle-bone,  417,  425. 
Cuttle-fish,  445. 
Cuvieriua,  406. 
Cyanea,  167. 
Cyatbolielia,  195. 
Cyathonjonas,  31. 
Cyathopbyllidae,  175. 
Cyathopodiuni,  178. 
Cyathoseris,  196. 
Cyclamniina,  13. 
Cyclas,    341,   342,    348, 

347. 
Cyclochaeta,  50. 
Cycloclyj>eu8,  15. 
Cyclodiniua,  46. 
Cyclonassa,  396. 
Cyclophorus,    363,    396, 

398. 
Cycloiwrus,  213,  223. 
Cyeloseris,  196. 
Cyclosjwra,  61. 
Cyclostoraa,    357,    361, 

398 
Cyclostomata,  566. 


Cyclostreraa,  395. 
(^closurus,  398. 
Cyclotus,  398. 
Cydippe,  207. 
Cydippidac.  207. 
Cydonium,  94. 
Cyerce,  413. 
Cylichna,  406. 
Cylicia,  195. 
Cylindroecium,  567. 
Cylindrostomuui,  220. 
Cylista,  187. 
Cyuiba,  149,   861,  380, 

397. 
Cynibactis,  187. 
Cynibaloi)ora,  14. 
Cynibium,  397. 
Cymbonectes,  149. 
Cynibulia,  406. 
CymbuliopsLs,  371,  406. 
Cynthulina,  18. 
Cypliinus,  23. 
Cyphonautes,  557. 
Cypraea,  357,  360,  361, 

363,  400. 
Cyprina,  347. 
Cyrenidac,  347. 
Cyrtaulon,  93. 
Cyrtoidea,  23. 
Cyrtoniorpha,  219. 
Cystalia,  155. 
Cystenchynie,  79. 
Cysteodictyina,  15. 
Cystiactis,  187. 
Cysticercoid,  254. 
Cysticercus,  252;   tenui- 

coUis,  253 ;  longicollis, 

253 ;  fasciolaris,  254. 
Cystic-worm,  252. 
Cystoflagellata,  35. 
Cyston,  151. 
C^rstonectae,  154. 
Cystonula,  155. 
Cystotacnia,  260. 
Cytaeandra,  131. 
CyUeis,  131. 
Cytamoeba,  63. 
Cytherea,  348. 

Dactylocalyx,  93. 
Dactylogynis,  236. 
Dactylometra,  167. 
Dactylominyas,  187. 
Dactylosoma,  63. 
Dactylosphaera,  11. 
Dactylozooid,  122,  126, 

128. 
Daedalo|)elta,  94. 
Dalhoiisia,  477. 
Dallasia,  47. 
Dallingeria,  31. 


Dwniria.  96. 

DcaiuoBi-viilius,  138. 

;    Dinoflagellata,  33. 

I>UI.ilf»Rk¥!l,  62. 

'    Dinophdui,  486.  »;. 

IbiKHifin.,  480. 

I)''Wr»ioii,  386, 

i    Dinophrya,  46. 

Dnrt-sui-,  117P. 

nciitoiiipritp,  88. 

1    Dinophjais.  35. 

Barivi.iella,  93. 

Dexi<,l.™u-hnM,408. 

1    DioCTioua.  70. 

D«.smr.mitm,  1S5. 

iK'SlVid  «il..^ll.  360. 

!    Diopat™,  481, 

D«,yl.miH-l,iis,  486. 

Ditifliiim.  17. 

;    Diophrya,  49. 

Itejdion...  4.>4,491. 

l.-i«.-l,m-t«,.^o;i,508.61L 

1    DiotofHidiu.  393. 

Daaydyte.,  311. 

Diac'lmiis,  565. 

,    DippliL'^ii.s  135. 

Diwynorjtm,  182, 

Diaclijic,  S-2. 

;    Diplioaia.  IXJ. 

Diisjiri-is,  478. 

UiufuiitcJa,  196. 

,    Dipliyea,  149. 

Dasyi-iiyllia.  195. 

Dmlyclioue,  491. 

1    Bi  ilivllolN,tliruiiii,2Sa 

D^ylricla,  47. 

Di..lytiM.rv.  365.  893. 

1   Di  .irvojisiB,  149. 

Dia.;e>>m.l7. 

1   Di,UK,309. 

I>e.d  nieu-»  fingere,  179. 

HUpliof«i»do.,,  la 

1    Diplectsimm,  236. 

Deiapoda,  444. 
DecoUation,  360,  361. 

Diascliua.  309. 

1    Dipleuroaonia.  134. 

DiascriB.  196. 

Iteiuodriliis.  606.  511. 

r>{a$tr>i>ai'H.  6«& 

Diploeardia,  511. 

Deioi*.,  207. 
Delpli!m.lfl,  395. 

DiatoniiD,  S8. 

1    Diplocliciliis.  133. 

Diaulic  37S. 

DiplocQiiua,  23. 

Ddt<«yalJ.i»,  194. 

Dil.lasu^  196. 

Dipiopolyle.  256. 

DfliiiosiioTigiiic,  93. 

liil.i«iiclii«ta,444. 

'    Dip!n,-v«il,i>>,  132. 

Deudoryx,  96. 
DeildrilV.  93. 

Dieeraa,  326. 

Di,.l,..;<ii-.  :.^. 

Dicliopotpia.  196. 

1    Di  .l...bl,  7«. 

Dendrol.raoljiB,  191. 

Diulmgastpr,  510. 

Dipk-diiiuiiii,  49. 

Dcndrockr*,  129. 

DitUnraca.  197. 

DCplodoiiia,  347. 

Dciidroconiotcn,  ii,  54. 

BiuOMUc,  130. 

Diplois,  309. 

Ih-ndrocon,  196. 

Dicotyliis.  221. 

Dij-lonjila,  31. 

DBadrogym,  196. 

.  J>ieianocaiiiia,  134. 

'    Diplommatiiia.  39a 

DendranioiiBi,  30. 

DictydiBi-tljaliiiiu,  17. 

[    Diplonchus,  222. 

Dcmimnfnm.  131. 

UiOtjdLLlf,.  17. 

;    Diplfiphysa.  149. 

Dendi-oiinwia,  479, 

Diutyocaly».  98. 

'    Diploriu,  195. 

DietyocliH,  35. 

Dendi-aiiliyltJH.  196. 

Dictyocladiiim.  133. 

Dipbiooii,  226.  235, 

DendrojHis,  96. 

Cictyocylitidrus,  96. 

'    DipUii'a,  130. 

Dictyocysto,  4ft 

1    Dil»roi:l>a«ta,  5ia 

Dictyoualia,  92. 

Di[wi«,  236. 

DictyoniiiB,  93. 

!   Di|«nila,  566. 

DeoilrilUH,  610. 

Dietyosleliinu,  18. 

i   Dipurena,  131. 

DepostrellA,  164. 

Dieyemidue,  240, 

'    Dipylidiiim,  ^48.261. 

D«]«atruin,  164. 

BicjTiiba,  152. 
Didintiim.  46 

'    Di»«lia,  143. 

Dvi-citiiH,  94. 

1    DiHcoiialin,  143. 

DrniialiB,  91. 

Didymium,  17. 

1    Discina,   678.  533,  684 

Didviii»»HiiL,  240. 

!       6S5. 

Dermal  pore,  76. 

niftiui,-!^.,  11,  12. 

1    Discini™.  586 

DL-nimt(ibrancliiiH.    374, 

Dif!a,>iler,  510. 

:    Diacocelis.  22a 

4ia 

DiK.u,.».  237. 

'    DisciK^yallias,  IM. 

Dpro,  509, 

Ui(,;,>Ti.-tic,  -228. 

i    IMKodcriiiLa.  94. 

Derostouiuui,  220. 

I>iliU;m.  309. 

DiscolieiLset.  92. 

Uesnio,  S4. 

Dlk'[>t.ix,  46. 

'    Diacoidea,  23. 

DosmiiMlU.  96. 

JliiTioriiliB,  30. 

Drsiiiscidon,  96, 

DiLiioridiiiia,  14. 

'    Dii^connutliru',  141, 

I>tf9m«d']niji.Ue,9a 

1    Diaconn-tae.  141. 

l),aQ,*lia.  149. 

Dimorplioiis.  10. 

Diaconula.  HI.I43. 

Denniopaater,  510. 

Iliuivi.NH,  SiH.  330. 

1    DiBcophrya,  47. 

Dmnioscciles,  292. 

lliniu.lai..  347. 

.    Discopiis.  304. 

Di-siiioiipnid,  167. 

IlilU^IMil.   131, 

Discofbida.  14. 

Dcsnioiiliyeti,  149. 

Diidfera.  34. 

Dia^sonia.  186. 

Dinoliryoii,  30. 

1     DislwaU.,  153. 

Diuocliaris.  309. 

INDEX. 


601 


ay,  206. 
na,  134. 
[la,  309. 
anu8,  35. 
>()ora,  129. 
>pU9,  509. 
im,238:  agamos, 
(J31  ;  cirrigenmi, 
clavigerum,  226 
ides,  229,    231 
Iraceum,       226 
itum,  231  ;  hep- 

II,  229,  231 
)latuni,  229 
>stoimin),  231 
iidatiim,  229 
3olle,  229. 

310 
kia,  94. 
60. 

us,  280,  285. 
8sa,  394. 
leraea,  485. 
'cria,  485. 
elk,  396. 
la,  407. 
plana,  222. 

378,  400. 
»i-a,  566. 
347. 
iia,  355. 
sia,  149. 
pis,  23. 
»sis,  445. 
idea.  412. 

III,  362,  405, 406. 

wis,  an,  412. 

185,  412. 

in   crestoda,  247, 

in  iM)lyzoa,  552 ; 
toda,  276 ;  jK*n- 
acca,  180;  actiui- 
184. 

inus,  291. 
;res,  97. 
,348. 
12. 
,,  86. 
^tra,  94. 
la.  347. 
idiidia,  61. 
idiinn,  62. 
)nionas,  47. 
Dphonis,  271. 
79. 
397. 

reis.  481. 
la,  98. 
la,  23. 
I,  181. 


Dufouria,  59. 
Dujardinia,  476. 
Duncania,  194. 
Duthiei-8ia,  256. 
Duva,  179. 
Dysactis,  187. 
Dyscannota,  134. 
Dysideojwis,  98. 
DysmorphoHa,  131. 
Dysoniorpha,  131. 
Dysteria,  46. 

Ear-shell,  394. 

Earth  wonu,     common, 

512;  habits,  507. 
Ecardines,  585. 
Ecdyais,  275. 
Echeneibothriuni,     244, 

259. 
Echinella,  234. 
Ecliinubotliriiim,  259. 
Eehinocephaliis,  59. 
Echinoclathria,  96. 
Echinococfifer,  261. 
Echinococcus,  251,  253. 
Eehinoderes,  312. 
EchincMlictyiim,  96. 
Echiiio|>ora,  196. 
Echinorliyuchus,  297. 
Echinospira,  362. 
Eciliiuroidea,  527. 
Echiunis  528,  530,  533. 
Ecionenia,  94. 
Eclipidriliis,  508. 
Ectocyst,  549. 
Ectoderm,  99. 
Ectolithia,  21. 
Ectopleura,  130,  131. 
Ectoju'octa,  564. 
EctoHome,  78. 
Eetyoninae,  96. 
Edwanlsia,  189. 
Einieria,  60. 
Elcctra,  565. 
Eledone,  440,  446. 
Elephantiasis,  2b9. 
Eleutheria,  131. 
Elli)»8is,  23. 
Ellipsoidina,  13. 
Eloactis,  188. 
Elysia,  413. 
Elysioi<iea,  413. 
Elytra,  461. 
Eniarginula,    361,    376, 

394. 
Emboloceplialus,  509. 
Eminoscolex,  511, 
Enmia,  565. 
Enchelidiuin,  291. 
Enchelina,  38,  40,  45. 
Enchclys,  45. 


Enchytraeus,  505,  509. 
Encotyllabe,  234. 
Encystment,  2. 
Endocoele,  184. 
Eudocyst,  549. 
Endoderm,  99. 
Endoderm  lamella,  112. 
Endogastric,   425 ;   coil, 

384. 
Endogeny,  55. 
Endoplasm,  3. 
Endo[)8ammia.  197. 
Eudosphaera,  53. 
Endosporcae,  16, 17. 
Enerthencma,  17. 
EnijK),  478 
Enoplidae,  282. 
Enoploteuthis,  440,  445. 
Enoplus,  291. 
Entalophora,  566. 
Enteric  cavity,  99. 
Enteridiuiii,  17. 
Enterostomuni,  220. 
Entocolax,  320,  365,371, 

402. 
Entocoucha,    320,    365, 

371,    377,    378,    386, 

402. 
Entodiniimi,  49. 
Entolithia,  2i. 
Entoprocta,  568. 
Entovalva,  327,  341,345, 

349. 
Eoli8=rAeolis. 
Eosphora,  309. 
Eozoon,  15. 
Epallax,  97. 
Ef)en  thesis,  134. 
Epliclota.  52,  53. 
Ephesia,  476. 
Ephipodonta,  347. 
Ephydatia,  96. 
Ephyra,  157,  161,  167. 
Ephyroninae,  158,  166. 
Epibdella,  234. 
Epibulia,  149,  156. 
Epiclintes,  49. 
Epimerite,  57. 
Epi{H)dia,  318. 
Epipodium,  357. 
Epistome,  551  ;  of  Pho- 

ronis,  543. 
Epistome,  fi51. 
Epistreptophvllum,  196. 
Epistylis,  39,"  41,  51. 
Epitheca,  194. 
Epithelio-musclc,  100. 
Epithetosoma,  533. 
Epizoanthus,  189. 
Erato,  400. 
Eretmia,  310. 


£reDth»,  486. 

Euplotes.  49. 

Ku[*liii,  272. 

FiliirrBna,  468. 

Eriogmiiliis,  491. 

Eiiv^lyiJOf,  478. 

Filogi^DS.  491. 

Er(w>cotyle.  236. 

Eii]>onmtii«,  473,491. 

Fiona,  410,  413. 

Errinn,  129. 

EuiK.mpo.478. 

Firuloida,  402 

Ersaca,  149. 

Eupmmiiiii,  196. 

Fiasiou      of    *nil.ryonic 

Ersaeid,  118. 

Eiir.  =Eiiro[«-. 

iwlyjoa,  563  :  zou.  of 

Erviliiiia,  46. 

Eiif«t",  491. 

507. 

Erytiiii.iBB.  347. 

EureU,  93. 

FtMiire11a,360,361,367, 

Eryhis,  94. 

lull  !iaii,j.)jin.|.,  207. 

375,  380,  3!>5,  SM, 

Erytlllo.KviJuiII.  178, 

Kiiiyl.i't:.,  223, 

rlsbplllKtra,  489. 

Ewliura.  666. 

Ei.rylv[,liiiat-,  210. 

riabelliDtt,  14. 

EMhariiiN,  665. 

Eurvpk'Kuia,  92. 

FlabelluHi.  194. 

EnryjiylouB,  77, 

FlaHl-H  u  2: 

K«i*rell8,  96. 

Eurytlioe.  480. 

Flfliuf-«-ll.  -/tH', 

E.i«rit.]i3w.  96. 

EuMinytlm.  486. 

Flpl.-li,^....|.ilu~,  510. 

Eteoi.e.  479. 

EuBmilia.  195. 

Floreaca,  167, 

Eu«ster.  8S. 

Eub|>odbU,  98, 

Floscula,  167. 

EiiborlwU,  273. 

Eusiwra,  59. 

Kl^fMla.k,  IJ'.i.  307. 

EucariihiK.,  491. 

Eii8troi>t0-liis.  284. 

Flosl-ulaiidii^,  300. 

£uc(icry|ilialii»,  23. 

EusylliH,  476. 
Eiitlicleiius,  486. 

Fluke.  238. 

Eiiclmri;,  207. 

Flustra,  654.  565. 

Euchil..U,  134. 

Kuthyiieiim,  402. 

nii^n.i,i..[i.|,.i,566. 

Eiichlaiiit.  310. 

Euti-im.  134. 

Fliisi..H,i.  ,-:.ii.667. 

EucUiora,  207. 

ELtinialplies,  13*. 

Fliistrina,  665. 

Eiiohoii.-,  491. 

Eiilimcta.  134. 

FoniruliiML  48- 

Bnuope,  134- 

Eiitiiiiiiiiii,  134. 

Fool  of   L.,r.,.-llil.ranL-h, 

E»tr«iitU.  31. 

330,t.fMulliiB(i4,318i 

Ei-BCtiV  187. 

of  Nautilus.  422, 

EucwUa.  564. 

EicoDJugntP,  43. 

Foraiuinifera.  11. 

Encvrti<lii.m,  23. 

EicrctioH  ill  jwlyiB,  102. 

Foreepia,  96 

EnLferi'liiiim,  130, 

Evcretiou  imimi  of  me- 

Eiidi.tMiin.  93. 

d„»fle.  118. 

Eii.ioriiia.  3a. 

Eioi»ele,  184. 

Forekalio]«i8.  163. 

EudoYflU,  149. 

ExoK»8trii;,424;coil,3M. 

Fossarus,  398, 

Euiloxia,  146. 

Eiogeny,  55. 

Foveolaria,  566. 

Eudnxkl.  148. 

Eiogoue,  467,  476. 

Frederieella.  56a 

Eiulnloidvs.  502,  611. 

Exiiplasiii,  3. 

Fiealiwaler   GaBlrapoda 

Eiidiiliia,  606,  511. 

ExoaiKirFue,  16,  17. 

386  ;     M«dii!a,    134 

EuK>niy,  43. 

ExUi>ii>rFlln,  108. 

Streptoticuia,  -385. 

Eiigl^nk.  31. 

Exiivindlu,  34. 

Fridm'da,  509 

EugUuin.,  28. 

EyesofGMtro[™U,367. 

FrinBi"g  reef.  171. 

Euglyi>|i8,  13. 

Froiidiciilaiia,  14, 

Euiclit'liydma,  311. 

Fftbricia.  483,  4^4,  491. 

FrandiiK,™,  666. 

Fabulnm.  13. 

Frontal  aica,  40;  oini 

EiiUlia,  479. 

Faluiform  liody,  68. 

49;  orgati,  218, 

FrontoNia,  47, 

347. 

Farrea.  93. 

Fiilcnitii,  307. 

Eiilima.  40& 

Fanella,  6S6,  667. 

Fulgur,  397. 

Eiimeiiid,  489. 

Fascicled,  125 

Fulifio,  17. 

EuiiemntPB,  271. 

Fasi;i™!iln)rB,  566. 

FulU,  179. 

Eunice,  481. 

Fnsciolaria.  397. 

Fuiips.  196- 

Favia,  196. 

FiiiiBiHcyfttliiia.  194. 

Eunices,  1S3. 

FavoBitidae,  178. 

FiiTunilimi,  181, 

Eiiphrosyiie,  462,  480. 

F«:anipia.  220. 

Fmm'iiliis.  f.f.l. 

Eapliylli.,  195. 

Female.  70. 

Funnel  of  Ce|>lialoi«dH 

Euphysa,  131. 

Fe..ja,  188. 

42:i;(.rri.ii"i.ii..ri>,]»7 

En[dlen,>.,  168. 

Fenissatia,  416. 

FurenlLi.ipi,309, 

EiiiilcclclU,  92. 

Fieldiiipia.  93. 
Fig-ahell,  400. 
FiUrifl,  275,278,280,288. 

Fiisuliim,  15, 

Eu|.lo.:an,ns,  412. 

Fusus,  397. 

f.w.  =  fre8h-Bal«r. 
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Gadinia,  362,  375,  414, 

416. 
Galatea,  347. 
Galaxea,  196. 
Galeolaria,  149. 
Galconuna,  347. 
Galoomniidae,  327. 
Gamete,  27. 
Gamoi^ystis,  58,  59. 
Ganglion  cells,  100. 
Gapes.  285. 
Garveia,  130. 
Gasterostoinuni,  240, 
Gastral  ostia,  112. 
Gastralia,  92. 
Gastrana,  347. 
Gas  tro  basal,  142. 
Gastrocbaeiia,  348. 
Gastrocotyle,  236. 
Gastrodiscus,  238. 
Gastrojiarietal,  578. 
Gastrophaiiella,  95. 
Gastroyxxia,  356 
Gastropteron,  362,  406. 
Gastrostyla,  49. 
Gastrotricha,  310. 
Gastrotrocha,  475. 
Gastrothylax,  238. 
Gastro vascular  space,  99. 
Gastrozooid,  128. 
Gelliodes,  96. 
Gellius,  96. 

Geniellaria,  109, 131,564. 
Geniellipora,  566. 
Gemiiiaria,130,131,189. 
Genimulatioclius,  194. 
Gemnmle,  87. 
Gen.  =  genital. 
Gena,  395. 
Genethyllis,  479. 
Genital  setae,  506. 
Geobdella,  516,  627. 
CJeodesnuis,  222. 
Geodia,  94. 

Geoneniertes,  270,  271. 
Geoplana,  222. 
Georissa,  395. 
Geoscolex,  503,  511. 
Oephyra,  187. 
Gepliyrea   arniata,    527, 

534. 
Gei>liyrophora,  566. 
Gerard  ia,  190. 
Oerda.  51. 
Gersemia,  179. 
Gerseniiopsis,  179. 
Geryones,  136. 
Geryonia,  136. 
Giant  fibres,  463,  497. 
Gigantorbynchus,  297. 
Gland-sbields,  484. 


Glandina,  416. 
Gla.ss-snail,  416. 
Glaucoma,  47. 
Glaucus,  412. 
Gleba,  371,  406. 
Glenodinium,  34. 
Globicepa,  131. 
Globi^eriua,  11,  14. 
Glocbidiuni,  344. 
Gloidium,  11. 
Glossatella,  51. 
Glossipbonia,  526. 
Glossocodon,  136. 
Glossoconus,  136. 
Glottidia,  584,  585. 
Glugea,  64,  68. 
Glycera,  482. 
Glypliidrilus,  611. 
Gnatbobdellidae,  526. 
Gnatbostonia,  275. 
Godefroyia,  181. 
Golfingia,  539. 
Gonactinia,  189. 
Gonad  =»  generative 

gland. 
Gonadial  coeloni,  314. 
Gonads  medusae,  117. 
Gonangiuiu,  126. 
Gonatus,  445. 
Goniada,  482. 
Goniatitos,  444. 
Gonia-straea,  196. 
Gonidial     groove,    104 

Alcyonaria.  177. 
Goniodoina,  34. 
Goniodoris,  412. 
Goniuni,  32. 
Gouo-palpon,  155. 
Gonospora,  69. 
Gonojibore,  119,  126. 
Gonosome,  126. 
Gonostomum,  49. 
Goiiostyles,  139. 
Gonotbeca,  126. 
Gonynema,  134. 
Gonyostomum,  31. 
Gordimlrilus,  510. 
Gordius,  293. 
Gorgon  acea,  181. 
Gorgonia,  183. 
Gorgonellidae,  183. 
Gossea,  135.  311. 
Grafliila.  220. 
Grammaria,  133. 
Grantossa.  90. 
Grantia,  90. 
Grassia,  51. 
Greefia,  479. 
Green  oyster,  346. 
Gregarina,  59. 
Gregarinida,  56. 


Gromia,  13. 
Grubea,  476. 
Grubianella,  486. 
Gt.  Brit.  =  Great  Britain. 
Guard  polyp,  126. 

,,      of  sbell,  42.'). 
Guinea-worm,  289. 
Guivillea,  397. 
Gununinidae,  95. 
Guynia,  194. 
Gymnoblastea,  129. 
Gymnoblastic,  126. 
Gymnocoryne,  130. 
Gymno<]iuium,  34. 
Gymnoglossa,  402. 
Gymnolaemata,  564. 
Gyranomyxa,  3. 
Gymnopbrys,  11. 
Gymno-sarca,  178. 
Gymnostomata,  45. 
(Jypsina,  14. 
Gyrator,  214,  220. 
Gyrocoryna,  48. 
(Jyrocorys,  48. 
Gvrocotyle,  256. 
Gyrodactylus,  227,  236. 

Hmistia,  98. 

Habrodictvum,  92. 

Haeckelia,"'207. 

Haemadij)sa,  527. 

Haemanioeba,  63. 

Haematococcus,  32. 

Haemcutaria,  526. 

Haemerytbrin  of  Poly- 
cbaeta,  465. 

Haemocoele  is  a  j>erivi8- 
coral  cavity  containing 
blood. 

Haemocoele  of  Gastro- 
poda, 375. 

Haeniocoelic  body- 
cavity,  317. 

Haemocyanin  in  Gastro- 
poda, 373  ;  MoUusca, 
321,  336. 

Haemoglobin  in  Cbaeto- 
derma,  355 ;  in  Gastro- 
po<la,  373  ;  Hirudinea, 
518  ;  Mollusca,  321, 
336  ;  Nemertea,  268  ; 
Neomenia,  354 ;  Oligo- 
cbaetes,  497  ;  Poly- 
cbaeta,  465. 

Haemoglobinurea,  63. 

Haemopis,  527. 

Haemosporidia,  61. 

Haimea,  178. 

Halatratitus,  130. 

Halcampa,  188. 

Halcampella,  188. 


HelU,  380,  416. 

HaleciujH,  132. 

Heltact.Bliell,  400. 

Hexaoeratba.  S8. 

Halia,  396. 

Hexacotyle,  83a 

HolicliondrU,  96. 

H.xact.Sl 

>1alii'l«.iiiliiijn,  95, 

nF.isutinella,  93. 

II»lic<.rH(m,>,  133. 

H.-miinJii!.,  48Z 

Hexactiiiellida,  SO. 

Haliclj-slu-,  117.  16C 

HeiinstomiiTii.  238. 

Hexactiuia,  183. 

HalJcryptuH,  641. 

H(^X«cti.,iar..  186. 

H>licjatbu«.  164. 

Heialas],ii.,  23. 

Haliomiu.,  23. 

Heiilea.  509. 

H»Iiatis,  S60,  »61,  368, 

il:rs::S?b. 

Hi-Xiirtlira,  310. 

367,  376,  3B6,  394. 

Hoia.-ter,  (.2. 

HaliiiliywitiK.  13. 

Hormaei,413. 

HexasU-rupljor*,  9S. 

HaliplPris,  181. 

Hexa»tyliiN  23. 

Hflliwrcm,  93 

duct,  878, 

Hibcrnaciila,  f.56. 

Haliswptnim,  181. 

Hemiella,  492. 

Himai.l«»tQt.,a,  ISa 

H.'i-niHlir»riTiin,  4!tl. 

Hinge,  321. 

H>listeiiiii».  163. 

HiTiiuoiip.  4M',  478. 

HiEiiitts,  347. 

H<i]l>.  480. 

H.Tii,«Kii,v.  480. 

Hipimireuo,  131. 

Halm..,  98. 

H«ro,  412. 

UiMiMiioa,  4S0. 

Halocor-lvU,  130. 

HerophiU,  182. 

Hipiwiiyx,  398. 

HalBbrn.  476. 

Hippoi«diu».  160, 

Haloniilra,  196. 

Hph"'*'*"''.  526. 

Hippoims,  348, 

Halopsis,  134. 

Huriwlillia.  196. 

HippcBiwiigift,  9a 

HaloitfiytliB,  408. 

Hcrtwigia,  92. 

Hip*li,oar666. 

H.I<.|.yr»n>i.i.  149. 

Hesioiic.  477. 

ippurari*,  567. 

Halosi'ii-.  196. 

H<-iTK'rodrilin.Jy5,  608. 

il,!a,«,  9a 

IUl.'iy.li.ii,  478. 

Heter«:lis,  188. 

irmidiuni.  Sa 

HaKeria,  49 

irudiuM,  612. 

Hetor.K:li«ilii,  508. 

inido.  513,  5ta,  S18, 

Hi-tei™;lieilus.  284. 

51t>,'526. 

Huniugia.  fi31,  S33. 

HftProto.'U.  90. 

Hi,lio,,-,..,  445. 

H>],alia,  207. 

Hctcrw^unlyle,  130. 
Het«rocolyl..n.  233. 

Hi.-U..t,.„ll.i.-,   420,  428, 

Haplubrxnchu^  491. 

446. 

flaplu.)ia.'<ia,  219. 

HE.t.r,.U,-tvK  187. 

Hsploiplivlhu,  194, 

Hetproden.       Sclutchtii. 

HUtriodrilus,  455,  457 

Haplciiiry;!.',  141. 

290. 

Hi.lii-..-,,-.  92. 

Hapl.irlii/....  16S. 

H.teio.luri8.  374,  412. 

H..l.^ur,|,.  lti2. 

HfU-roganiy  Treniatoda, 

Holod,i.iJij,,.  15. 

Hst|Ni,  397. 

■232. 

lloloplii)a.  45. 

Har|.-i.hell,  307. 

HcteroiDaHlivuda.  31. 

H  olorliy  u  c  liotoel  qmia, 

Hartea,  17a 

Z71.' 

Hastigfriiu.  14. 

HeUttni.it*.  31. 

Hohnticlia.  49. 

HaswcllU,  666. 

Heteroniouadipa.  3a 

Holiiatoniatous,  361. 

Haucrina,  13. 

Heteroiieiua.  31,  98. 

HflfroiK-ni^rliiii.  272. 

HebtlU.  132. 

Hetfronereis.  467. 

pe.;8,  2-2«. 

HecloootyliH*.!  ami,  440. 

H*b;™[ii..m.ia.  90. 

Hoi«znic,  2. 

HeutocMjIiM,  4-iL. 

H<'U<roi.liMi.<-ia,  485. 

HcliialxgUitrr,  23a 

Hedttc-SN.il.  U6- 

lii^t.rA.j.lirsH.  19. 

HedrioWast,  lao.  126. 

li.l.'ru,.liviMiri,  94. 

Houiocofl.,  89. 

Hedruris.  289. 

Hetcropia",  90. 

Hoiiiorranliidae,  9a 
Huod  of  >7aiiUliM,  421. 

Hek>Icn)bn»L'bu~,  486. 

Heteroplon,  133. 

Heldmi.  394- 

Hfttn'iwdft,  397,  400. 

Helin«ir«i.«.  196, 

H.'UT.-|«»mluia,  196. 

Hfli..i„.i,  :i7L',  395. 

Heli.Kiiilus.  511. 

Hi'l«rasCffniia.  IS. 

Heliolites,  177. 

Hvter<uit"i>1iai]u».  130. 

Horniathia,  187. 

Helioi«ra.  179. 

HfleroBvlliii,  <6S. 

H.M™ii.lii.ra,  207. 

Dcliospliacm,  23. 

Hvt.™i<T,.Mlfl,  485. 

HDmiotnater.  606,  611. 

Hcliozoa,  18. 

HeteroxenU,  17a 

Home™,  666. 
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Horse  leech,  527;  siKinge, 

87,  98. 
Hubrechtia,  270. 
Huxleya,  564. 
Hyalca,  406. 
Hyalinoecia,  481. 
Hyalocylix,  406. 
Hyalodiscus,  11. 
Hyalouenia,  92. 
Hyaloueniertes,  271. 
HyaloiK>matopsis,  491. 
HyalospheDia,  12. 
Hyalos}>ora,  59. 
Hyalostylus,  92. 
Hyattella,  97. 
Hyhocwion,  130,  131. 
Hydatid  cyst  253. 
Hydatina,  305,  306,  309. 
Hydra,  127;  tuba,  159. 
Hydractiuia,  130. 
Hydrallniania,  133. 
Hydranth,  125. 
Hydranthea,  130. 
Hydnophora,  195. 
Hydrida,  127. 
Hydrobia,  398. 
Hydrocauhis.  125. 
Hydroccna,  395. 
Hydrocei)hali8,  125. 
Hydrocla(liiini,  126. 
Hydrocoralliiiae,  127. 
Hydrocyst,  138,  139. 
Hydroocium,  145. 
Hydroides.  491. 
Hydrolaridae,  130. 
Hydro])hanes,  479. 
Hydrophore,  132. 
Hydrophylliuni,  139. 
Hydrophyton,  125. 
Hydrorhiza,  121,  125. 
Hydrosoina,  125. 
Hydrotheca,  125. 
Hydrozoa,  123. 
Hyinedesmia,  97. 
Hymeniacidon,  96. 
Hyineiiolepis,  251,  261. 
Hynienoinonas,  32. 
Hymemphia,  96. 
Hyimiithea.  132. 
Hyix'riodrilus,  511. 
Hypnogorgia,  182. 
Hjpobjaiichial    gland, 

345 :  of  gastropoda,  358. 
Hyi)oconia,  52,  53. 
Hy|)oderinis,  275. 
Hypo])hare,  77. 
HyjK)phorella,  556. 
Hypo])yxis,  133. 
Hyporhyiiclni.s,  220. 
Hyijostouu*,  100. 
Hy|iotricha,  49. 


Hypsioomus,  490. 
Hystrichis,  289. 
Hystrix  marina,  478. 

lanthella,  93. 
Ichtbyaria,  565. 
lehthydiiim,  311. 
Ichtbyobdella,  513,  526. 
Ichthyonema,  289. 
Iciligor^a,  182. 
Icterus-haeiiiatiiria,  63. 
Idalia,  412. 
Idia,  133. 

Idioscpiiis,  440,441,  445. 
Idmonea,  566. 
Idol-sbcll,  399. 
Ilioparietal,  578. 
Illoricata.  308. 
Ilyactis,  188. 
Ilyantbus,  188. 
Ilyodrilus,  508. 
Ilyogenia,  511. 
Immediate  eggs,  305. 
Imogine,  222/ 
Imperforate  shell,  361 . 
Inarticulata,  566,  585. 
Incl.  =  including. 
Incudate,  307. 
Incus,  307. 
Incrmia,  93. 
Infundibuluni  of  Cteno- 

phore,  197. 
Intus.  =  infusion. 
Infusoria,  24. 
Inioteuthis,  445. 
Ink  sac,  417,  424. 
Intercanal,  76. 
Intennesenterial,  184. 
Internal  budding,  7. 
Internemal,  136. 
Internode,  549. 
Interradial,  118. 
Interseptal  loculi,  194. 
Intertentacular    organ, 

552. 
Intracajwular  sarcode, 

20. 
Inti'ame^enterial,  184. 
lonbon,  96. 
Iphione,  478. 
Ii-ene,  134. 
Ir^nium,  134. 
Iridogorgia,  182. 
Isakis,  284. 
Isaurus,  189. 
Isidclla.  182. 
Isis,  182. 
Ismenia,  355. 
Isocaitlia,  :i25,  347. 
Is(»inastigoda,  31. 
Isopleura,  387. 


Isops,  94. 
I    Isotricha,  47. 

,   Janita,  491. 
'   Janthina,  357,  367,  368, 
380,  393,  396. 

Janua,  491. 

Janus,    385,    410,    411,. 
413. 

.Tasmineira,  491. 

Jeffreysia,  398. 

Jelly,  99. 

Jensenia,  220. 

Jouannetia,  348. 

Kaliapsis,  94. 
Karyolysus,  62. 
Karyophagus,  63. 
Kefersteinia,  477. 
Kellya.  347. 
Keroeides,  182. 
Kerona,  49. 
Kerria,  511. 
Key-holo  lim}>et,  394. 
Kinetoskias,  553,  565. 
Klossia,  61. 
Koellikeria,  240. 
Kophobeleninon,  181. 
Kraussina,  585. 
Kropnia,  591. 
Kynotus,  511. 

Labial  conimiasure,  366. 
Labial    i>alT>s,    335 ;    of 

gastroj)oda,  356,  366. 
Labidurus,  284. 
Labioi>ora,  129. 
Labium  of  .shell,  361. 
Labrorostratus,  471. 
I^brimi  of  shell,  361. 
Ijabyrinthula,  17. 
Laceration,  169. 
Ijachnobolus,  17. 
Lacinularia.  308. 
Lacrymaria,  45. 
Lacuna,  398. 
Lacydonin,  479. 
Laeocochlis,  399. 
Laetmonice,  478. 
Lafoea,  133. 
Lagena,  14,  397. 
LageniiK)ra,  566. 
Lagenophrys,  51. 
Lagisca,  4t8. 
Lagoon  island,  173. 
I^mellaria,  362,  398. 
Lame1libran(0iiata,   324. 
Lampetia,  207. 
Lamj»rodenna,  17. 
Lanassa,  485. 
Lan<l-leech,  527. 


Lnnil-simjln,  416. 
Uiid'wli'.  410. 
Laumth  S^ 
Laiitstes,  S61. 
'Uttiiiuini-lli.  92, 
UoAiv^.  133,  134. 
Uonieiliji,  131. 
Laonomi.',  491. 
Ui ,  130. 
UraiidH.  4B1. 
lAridiika.  23. 
Ijitvut  kiiliiPjK  of  fpuitro- 

iHida.  3R2. 
Luaru.  3-15.  347. 
Tdtt'rHl  iirt^aii!)  of  iieiiier- 

Latrrals  nf  railiilii.  370. 
Utiriis,  397. 
iicaliii,  97. 


I,  ^26. 


LrnL-liiii,  446. 
I^'acLia.  485. 
L.«»iiii,  47a 
L>^iii.,q.l„,liis  276. 
[*.la.  328,  337,  345. 

LvtVoyi'lla,  93. 

I^ibleiii,  R]:>nil<.r,  37] 
I^-iiiisci'iisis,  222. 
TrfWq.li.ilu-,  488. 

Isimli-.ri      488, 


,«t(„. 


190, 


I,ci.>].[iUiiii.  181. 
Li-i.>s.-1l».  98. 
Lciutcali,.,  187. 
Lriiil(ii]ii,z.li.n,  :ifiO. 
Ulaiiia.  90. 
UiuiNxlioii   :tli.  47, 
T^uil.u«.  47. 
Lemiiini'i.  'Mi. 
LetN»rjiu»,  I7. 
Iieodorn,  491, 


U«- 


1,394. 


1.478. 


lypi-ian 
U  ,i.l...llii.|iii..  478, 
1^-pi.lo'lrnim.  IT.  311. 
Lei.i.l.»".iiia.355, 
T^™l"""l"^-  478, 
I*i.i.l..|i|,.iri.-.47S 
Uiii-iurlis,  31. 
Uiiraliii.  566. 

Upl"l.«-,..  I:,...  168. 


I*[itni5iirgiii, 


,133. 


197. 


I^]..  .,  --. 
Leptopeniia,  196. 
Lcptoplana,  222. 
Le(>to)inina.  398. 

r<tpt(ifiwiii]i 

I,.eiitr<ptiliiiti,  181. 
Li'l'U-riii,  195. 
b.pt.w.jpliu^,  131,132. 
LpptoHcrU.  196. 
Li-pUislf.iim.  .MS,  527. 


L«9iieuria,  207, 


LinRuliiia,  14. 
Liii^liuoinis,  14. 
Linuriis,  167. 
Linopliysa   155. 
Liniichc,  167. 
Lioiiotiix.  46. 
Liostomtim,  626. 
Liutia,  395, 
I,iiK,l™ieliiu!,  489 
LnwoepUIji,  324. 
Liiwnema,  18S. 
Liriniitlia,  136. 


LilllH. 


Letica 


.,90. 


Leucurislc.  486. 
Leiicascua,  90. 
Lciioia.  478 
UlldUa,  90. 
Leupocliloridiiim,  231. 
Lciii-odoi'c,  483. 
Lencfwlla.  182. 

Leucoplirys.  42,  47. 
Leiicosoleiiia,  75,  89, 
Lpiicyssa,  90. 
Uvant  »t«.iige.  98. 
Lil.yo.lrilii.H,  IBS,  511. 

Liclie'iioi>ora,  566. 
Lic'linoplioi-a.  50. 
Lii'loivlla,  133. 
Litherkuliuia.  13,  49. 
'  "     "  I,  247.  255. 


I,i)j 


I,  149. 


Lima.  33rt,341,  347.  344, 
Liiimmia.  360,  3() I,  3S2, 

372,  406. 
Linm[.>iitia,  385,  414, 
Linias,   357,   361,    362, 

416 


Liml!!' 

ili.1«. '  i 

LiniLM \m,n. 

Lniii.M,Ij'ilui<.  50 
],imu..,-:..  131, 

l,ii„u|,-„,  346, 
l,iT,i|-i,  :i;'i. 
LiiuralNi,  167, 
Ljii.|i']^i.li»,  17. 

Lmmii.,  -^ 
1        57S.  58. 


1,  196. 


LiiUwliila,  M. 
LiChiM^ircus.  23. 
LiChcHbmna,    331,    344, 

346. 

illioKlvpliuH,  398. 
JtlioMiiia,  2a 
Lithophyllia,  195. 
Litio]«,  3.^7.  398. 
Lilloiitia,  :i7-l,  380,386, 

398. 
Litiifliia,  181. 
LituoU.  13. 
Liver-lliike,  23.S. 
Uzitm,  131. 
Liziella,  131, 
Lizzia,  131. 
Lob-uorm.  18S. 
LobaUv,  207. 
LoliiKcr,  404,  406. 
Loh.,p(,vlniii,  179, 
1*1  «(.^' 


Lol.ii] 


,,  179. 


Loiriiia,  485. 

Loligc..  411,445. 
LoHjjopKi.,  445. 
Lulioliis,  441.  445. 
Louianutus,  412. 
biopiiiK  siiai).  S9S. 
Lonailorlivni'lius,  47 
I      479, 

I  Lo,.iicKm-i.B,  4oa 

I    Lo,.h.H 

,  Lopl!'>i 
'  Upiwl 
I    l^il.l,-...n^.  106. 


18,-J. 


I    I,o,.i., 


I.  195. 


;  Lottia,  376. 

I  Love-cfnit,  379. 

'  Lavrliella,  132. 

1  Loveti's  Una,  451,  453. 


'    Loio 


*.  47. 


I    Loxcxirs.  46 

I    I^iophvllHiu,  46, 

I    Lo^nsoiiia,  '■4»,  672. 


Male,  TO. 

Melania,  3S0.  386,  399 

LiiciraMm.  Ill,  164. 

.Mallrat«,  307, 

MpUiiq«i8.  399. 

UiAua.  340.  347. 

Malleus,  307,  346. 

MeleaKTiiia,     327,     341 

LnciniiUe,  32S.  312. 

Jfalmsrenia.  478, 

346: 

Lacii.f.|»U,  348. 

Maiiayiiokia.  471,  481. 

MeliW,  412. 

Latfi>ri«.  98. 

Mikni'^iiLs.  195, 

huK  wunti.  iSS. 

Muntlc,  3ie,  3SS, 

Heliocrta,  303,  307. 

Liiiiil.riwiicre.iB.471, 481. 

Mantlc-mvity,    MS;    of 

Liui>l>rim.lus,  50a 

K»Btroi«tU.  371. 

Meliwrtplla.  134, 

LumWini^  104. 197,502, 

Manubrium,  108. 

Meliwrliiiiiiiii.  134. 

£0-1   505.  512. 

hUt.     murine. 

Mpiiwrtiwa.  134. 

riinula.  Sa.'i 

ilirgarilH,  17   395. 

Mtliwrtuui,  133,  134. 

LunnliLri.,  566. 

MarpiriUii^.  3-27,  347. 

Mfliiilema,  96, 

Lutmriii.  SiS.  348. 

MiirgaritiiMii,  93, 

Mvlitiiia.  486. 

Ly.^-.ti«.  479. 

Nai^-jlin.  131. 

Maim'lliiiii,,  131. 

M.aitn.les.- 182. 

Lji-liiKirliii^^i   168. 

Marj.'iiiali-im.  49. 

MWitlioLivlM",  93. 

Mai'Kiiijil  hiii'Ikhk,   117  ; 

.\l..|..|,l,v.„n,  153. 

LJ-r..ri.U«-,  479. 

i.,vlie«,  115, 

M.li.-iTM.  167 

LyK...ii<.r|.l...  181. 

M«rBiua]™nfra.liiU,  370. 

Lvi.lii.iii,  94 

Mnr«{iii.lU,  397 

M.'r.,1.E'iLiu|Miu';,f>ii.66G 

LyniHM.ti„^riflnrtofS1oI- 

M.ir;,'iTl.,Iinri.l4- 

M,-mi,raiii]K,r,.ll«,   665, 

lu«.n,  -■i;!!. 

Mwjnrii,,,  41   ,  509, 

-Mfiu^lla,  183. 

Lv.iini,i,  32S   331,349. 

.MlUIIIfllUMI'L     135 

M..i.i,M«,  565. 

r,v.iri-.i.H.i,  349. 

Marp]iy*i,  4ii7,481. 

M«m.i<tiiiii..  3L 

L"vs,-.r.t.-.  480. 

Mi,r«.,ii,m.38-.:(r7,398. 

JI.  la,  491. 

L'vi.lir.',  481. 

S  ai^„|.iiili.l,.,  166. 

M.Tiiii«,  -II',.  as:>.  289. 

Lysi,.,..,  486. 

S  aslav.  303, 

MiTiiiitliiii^r,  289. 

r.vi..u:i.i.^.  92. 

M.T..r.iyaria,  ^70. 

LytiK'rti]>iLs,  133, 

\  a.iti«i,i-,  168, 

MciLiia,  129. 

MiL^Hjic <va,  309. 

>l,T(.>.w«,  207. 

.MiVilip>]>li<ii-a.     -26,    27, 

M.Tli.ii..i.i  hiiva.  201, 

M.>  a.  ,-  M»<-r.>ii<i<:lGU?. 

666. 

M'H :,.  196, 

iI«mii.U-,-wiu,  94, 

Maslif...]-"!,  4. 

M- -,,.;„  1.-.,  188. 

JWinlli*.  481. 

.Mtot,.l.n,u.liii«,  486. 

-M.'-.i.  l,^tr,i.-.[^,         S03 

J.«,.1„>.,,„lyj,   126. 

MatliiMa.  399. 

509.    ' 

.M'i.'i>ii 

,-'..;,U;y.     89. 

Mnliisa.  1 

MrK'rol 

irU'iix.  40. 

Miili...<it.'s, 

Mh<-i»i 

viHiUH,  220. 

M...i..«...|. 

M^KT..- 

.11.1.1.1,  219. 

M».-it» 

317 

M.-«.iKnr.,.- 

Mrt(l.,„ 

.(■lis  isa 

M.-^Mi....t 

Miv  r,i, 

;<,195, 

.«.^.la.,i.. 

WilillVl 

>ra,  197, 

Mew'l""'-!" 

SLi.li,.| 

M'l.i'in.  191. 

>l<'U>it<.-.i>]i 

M.i<'aii' 

riim,  195, 

M.'i!'.t<>Iroi 

yu.-.u,- 

M..«^i.i<.|.1i 

M.i».li 

4^"        ■ 

S 

ii,4<I£.h4S4. 

M,-p.,«.i.., 

.  :\.'.7,  3.Stl.  396. 

ill.;:....!.,. 

MaH"K 

97. 

ilsiMi... 

MsK-i*! 

iwvn  61. 

M,...,.„.,|,. 

iUlu-.. 

hI^Hu,  270.  272. 

M.^(i-..l,. 

Mjilr>n< 

<  n.mU.  183. 

SkJifi'. 

■l(rr.H.  92- 

M4"-'i''"r 

M«l:«-.. 

vl.-.,  :i32,  237. 

Mi'sr-rll^i, 

Miilari.. 

-.13. 

Mflm^iii-i, 

M,.|.|ai 

V,  48S. 

Mdiimp..» 

.Mr-Pllll. 

inlfil..im...t,108. 

'    M.-sm,l,. 

!'■»    (Aiitl.oi.ai, 

103. 

■on  ..f  molluwa, 

'        »M. 

,    M.-S.-.H1 

.35, 

1   M™-lii, 

1.1.1.  46. 

M-»>};ln 

«,  fa. 

ih-^.-fi.^ 

.11..   135. 

M<-»iiii.-r 

a,  134. 

.111.1.  :;I5,  219. 

I.a,  47.'.. 

Hi-mrxa 

243. 

MrUdl. 

IH,  53. 

.M.'t<t.lri 

IS.  511. 

MrU-... 

;ms,  la:-. 

Mel..iiie 
315, 

[.li.P.is  'if   Oas- 

m:;z: 

.■rtin'(.'271.' 

S1H1.1-K 

i.m.  357. 

Mi'taHta 

io,  22S.  2S,S. 

MeUzoi,  TO. 

Hptunsni^horik,  96. 
lletopidia.  310. 
Mclo|,iii,  48. 
Mk'roeBllliTvip,  S5. 
Micnx'UarU.  4S4,  Sll. 
Microcioiin,  96. 
Hicrocudon,  300,  309. 
MicrowtyU,  236. 
MiorocvHt,  IS. 
Microdriliu,  510. 
Mlorogkiuetc,  29,  43. 
Microglena.  31. 
Micrugoniiiinm,  29. 
Miorohylra,  127. 
MioroTnewiiitery,  ISB. 
Jticrouitc'lfliis.  40. 
Micro  |>lana,  222. 
Microi«ia  665, 
Hlcmimrdla.  £66. 
!Hicrn|ititiim,  ISl. 
tEicrorlMb.1,  S5. 
Hicrowlrrp,  9\.  33. 
Uicrweulf  X,  510, 
Uioroa|ilieric.  7. 
Microstoma.  211. 
Micr<>slaiin<Uc,  213. 
Mioroslomiiiii.  'iH,2. 
Microtiif>iiiiiiic>.-2r>4,2 


Hotlusro,  316, 
Moiiact,  ai. 

Honactine,  S4. 

Monadina,  30. 

Monaa.  30. 

Monniilic,  378. 

HouaxDii.  82. 

Moiiaxonids,  96. 

Moiiera,  4, 

Moiilij-stera.  291. 

Monipxia,  246, 262. 

Uonili^ater,  506,510. 

MoDobia,  19. 

Monocaiiluti,  130. 

Monocerenmciiiaa,  31. 

Wonocotyle,  234. 

MonocvstidM,  59. 

MoDucystis,  69. 
I    MonodouU,  396. 
'    MouogaHlric.  146. 
I    Mouogpura,  233^ 
I    AEoDOKciivtic,  228. 

Monnmyaria,  3^6,  3S0. 

Mouolieutinale,  8B6; 
cteniilium,  S74. 

Mouophveij,  149, 
I    Mot>o|>vkria,  SI,  23. 


MycsdiDiu,  196. 
Mycftopliyllia.  196. 
Mycelopua,  347. 
SlTcttoioa,  15. 
Myliiiiiis.  93. 
Myoeliiiina.  349. 
Slyocvtu,  57. 
ll,o|.li.i,..  S«. 
Myniaidii,  446. 
Mynanids,  471.  476, 
Hyriahtra,  94 
Myriothcla,  130. 
Myrioznum.  666. 
Hyxtides,  479. 
Mytikcea,  346. 
Mytilia,  310 
Mytilidae.  328.  341. 
!    MytiluH,   330,  331,  342, 

346. 

Jlyjiaslnini.  19 

UyxicoU.  463.  4S4, 1SL 

Myxidiuni,  67. 

Myxill«,96. 

MyxoliolLig,  6S,  6& 
j   Xyxodictjiini,  11. 
I   Myxoiiiyoeteii,  15. 
I    Myxa|K>d,  5. 
I    Myxosnnin,  ffT. 
I    Jlyx™|.i..Bida.  95. 
I    MyxoM-uridiH,  64. 
I    tlyznlFdi-lla.  509. 
I    Myzostoinida,  492. 


Millt'ioira,  129. 
Millxciiiii>.  510. 
Miniosf\lii,  567. 


'    iLlui 


I,  178. 


I    00,344. 
Hoiilncutu,  \U5,  347. 
Moiitii*™.  197. 
Mnunra,  310 
Mop'K'a,  182. 

MolHCllA,  182. 

Mowlcyii.  196. 
Motlu'r-«r-|iearl,  326. 


Mtu 


]flb, 


■.  iS. 


iiii:i.i 

-l.iMn.21S 

Sliilli.' 

lia.  51. 

Mimx 

:I61,    378, 

;    NacrtouB.  326. 

'    NailiuB,  219. 

;    Naia,  448,  494,  507.  509. 

Kaiiiiadeiidroii.  179. 
;   Sapoj-ira.  197. 

Narica.39a. 
'    Nar.'umedu'me,  136. 
I    Xassa.  396. 
r   Nawtcla,  23. 

Nast-ndrn.  23. 


1    Kas 
;    Nat. 


1,  46. 
,    361, 


M<-1i 

■rin.  131. 

Mu»< 

■Is,      3 

Mi-li 

I..,  346. 

Wr.   :I4 

M,"ii 

Inrin.  344 

346. 

1    Milt 

[:>.  347 

M.kI. 

Its,  399. 

Mya 

348. 

INDEX. 
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Neodham's  sac,  439. 
Nellia,  565. 

Nemathelniinthes,  273. 
Nematobothriiini,  240. 
Nematocvst,  39, 101,211 ; 

in  Mollusca,  412. 
Xeniatoda,  274. 
Nematogen,  242. 
Neniatoniorplia,  292. 
Neniatonereis,  481. 
Xcniatophore.  126. 
Neniatoxvs,  284. 
Xemertoa,  263. 
Neniertodrilus,  511. 
Xenicrtopsis.  271. 
Neniopsis,  131. 
NoolieHa,  195. 
Xeonienia,  355. 
Neoi»eltu,  94 
Neorhyiiohus,  296,  297. 
Neosiphonia,  94. 
Neottis,  485. 
Xo])lioli.s,  518,  519,  523, 

524   526. 
Nepliri«lia,450;  megaiie- 

phric,    498;   plectone- 

plinc,500;  rectal,  502; 

]K'pto-.  450. 
Xephridial  coelom,  314. 
Nepliiuliopore,  314. 
Xej)l>ri(liiim    of    (Jjistro- 

|»Ofhi,    376 ;     Polyzoa, 

553. 
Xepliroselniis,  32. 
Xt'phtliya,  179 
Xcphthys,     459,     476, 

480. 
Xcreidiforniia,  475. 
X<n-eilL'pa.s.  479. 
Xorcis,    465,    468,    471, 

473,  479. 
Xrrilla,  476. 
Xeriiiaia,  399. 
Xt'iiiH',  475,  483. 
XcriU,  361,  380,  395. 
Xnitiiia,  395. 
Xi'rit<»psis,  395. 
Xcrve  cells,  100. 
Xerves  in  Medusae,  114. 
Xetheji,  94. 
Xeuro|>odium,  460. 
Xicidion,  481. 
Xicolca,  485 
Xicninache.  488. 
Xidalia,  179. 
Xidainental  glands,  440. 
Xitzsrliia,  234. 
Xoctihica,  35,  37. 
Xodosaria,  14. 
Xoiiiuniiia,  15. 
Xotaniia,  565. 


Xotarchus,     357,     362, 

407. 
Xotaulax,  491. 
Noteus,  310. 
Notholca,  310. 
Xotobranchaea,  374,408. 
Notocirnis,  481. 
Notocotyle,  240. 
Xoloniastus,  486. 
Notoramata,  300,  309. 
Notophyllnm,  479. 
NotojK>diuni,  460. 
Notops,  309. 
X^otopygoa,  462.  480. 
Nototrochus,  194. 
Xotykus,  511 
Xubecularia,  13. 
Nuchal  cirrus,  481. 
Xuclearia,  19. 
Nucleus   of    operculum, 

361. 
Nucula,  328,   331,   336, 

337,  345. 
Xuculidae,  341. 
Nudihrancliiata,  409. 
X'uUipore,  171. 
Nunimulite.s,  10,  15. 
Nutrition  of  Sj>oiige,  80. 
Nyehia,  478. 
Nyctotlierus,  3vS,  48. 

Obelaria,  134. 
Obelia,  132.  134. 
Oceanapia,  96. 
Ocelli  medusae,  116. 
Ocnerodrilus,  510. 
Octobothrium,  226,  235. 
Octocanua,  134. 
Octochaetus,    501,    502, 

505,  511. 
Octomeralia.  166. 
Octonenia,  134. 
Octopliellia,  188. 
OctoiKxla,  .321,  445. 
Octopu.s,  433,  440,  446. 
Octorchandra,  134. 
Octorcliidiuni,  134. 
Octorchis,  134. 
Oculina,  195. 
Ocyroe,  208. 
Odontobius.  291. 
Odoutocyatbus.  194. 
Odontojihora,  291,  320. 
Odontophore,  320,  369. 
OdontOhylJis,  476. 
Odostomia,  377. 
Oecistes,  308. 
Oegop.^ida,  420,  438,  445. 
Oersted ia,  271  ;  jMillida, 

268. 
Ogmogaster,  240. 

2    R 


Oikomonas,  30. 
Oligocelis.  221. 
Oligoceras,  98. 
Oligochaeta,  493. 
Oligocladus,  223. 
Oligognathus,  471. 
Oligonema,  17. 
Oligo-silicina,  95. 
01igosi>orea,  61. 
Oligotricha,  49. 
Olindias,  135. 
Oliva,  386,  397. 
Olivaucillaria,  397. 
Olivella,  356,  361,  397. 
Olullanus,  235. 
Olyntbus,  75,  89. 
Omalostomum,  219. 
Ommatostrephes,  444. 
Omphalo{)oma,  491. 
Omplialopomoi>sis,   491. 
Onchidioi«is,  377,  398. 
Oncbidium,     368,     378, 

385,  414,  416. 
Oncbnesoma,  537,  539. 
Oncbobotbrium,  259. 
Oncbocotyle,  236. 
Oncbolainuis,  291. 
Oncliopora.  565. 
Oncb()j)orella,  565. 
Oncbospbere,  251. 
Oncbotroclius,  194. 
Onupbis,  481. 
Onyciiocliaeta,  511. 
Onycbodactylus,  46. 
Onydiodromus,  49. 
Onycboteutbis,  421,445. 
Oo<'()rys,  400. 
Ooecium,  550. 
OotyiHj,  226. 
Oi»alina,  40,  41,  48. 
Oi)alin()psis,  47. 
0|>ercularia,  51. 
0|)erculina,  15. 
Operculum    of     (iastro- 

poda,     357,     361  ;     of 

Polyzoa,  550. 
Opbelia,  467,  487. 
Opbioides.  132. 
Opbi(Kli3cus,  187. 
Opbiodromus,  477. 
Ojibrydium,  51. 
Opbryocystis,  69. 
Ojjbryjxlendron,  54. 
Opbryoglena,  47. 
Opbryoscolex,  49. 
Opbryotrocba,  481. 
Oj»istbobrancbiata,  403 
Opistbobrancbiate,  374. 
Opistbo<Ion,  46. 
Opistbotrema,  240. 
Opistonium,  220. 
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Oractis,  189. 
Oral  vacuole,  33. 
Orbiculina,  13. 
Orbitoides,  15. 
Orbitolites,  13. 
Orbiilina,  11,  14. 
Orbulinella,  19. 
Orcadella,  17. 
Orchistoma,  134. 
Organ  pipe  coral,  178. 
Organiuus,  178. 
Oria,  491. 
Orifice,  .550. 
Ormer,  394. 
Orpiella,  416. 
Orthocoras,  444. 
Orthoconcha,  326. 
Ortliodou,  46. 
Orthouectidae.  240. 
Orthospora,  60. 
Oscarella,  95. 
Osculum,  72. 
Osph  radium,     320 ;      of 

Gastropoda,      3t>G  ; 

Laniellibrancli,  333. 
Os  sepiae,  417. 
Ostrea,  330,  346. 
Ostreidae,  328,  338,  341. 

342,  344. 
Otlionia,  491. 
Otina,  415. 
Otoconia,  367. 
Otocyst,  214. 
Otocysts     of     Medusae, 

115;     of    Polychaeta, 

463. 
Otolith,  367. 
Otomesostonuini,  219. 
Otopluna,  221. 
Otoporpa,  113. 
Ototyphloneiuertes,  271. 
Ovic.'ll,  550. 
Oviposition    of    Ga.stro- 

poda,   380:    of   Oligo- 

cliaeta.  506. 
Ovula,  400. 
Ovum,  70. 
Owenia,  207,  484. 
Oxoa,  82. 
Oxydromns,  477. 
Oxvhexact,  92. 
Oxynliis,  31. 
Oxvsoma,  284. 
Oxvtricha,  49. 
Oxyuris,  275,  279,  284. 
OysUr,  346. 
Ozobnuichus,  526. 

Pju'ha.strella,  94. 
Paoliycluilina,  96. 
Pacliydrilus,  509. 


Pachymatisma,  94. 
Pachy})8ammia,  196. 
Pachyseris,  196. 
Paedoi)hylax,  476. 
Paleae,  460. 
Palephyra,  167. 
Pali,  193. 
Pallial  bay,  326 ;  cavity, 

319. 
Pallium,  319. 
Palmicellaria,  566. 
Palmyra,  478. 
Palola,  481. 
Palimcles,  139,  151. 
Palp  of  Polychaeta,  459. 
Pali)on,  138,  139. 
Paludicella,  556.  567. 
Paludina,  363,  376,  380, 

381,  383,  395,  399. 
Paludomus,  399. 
Palythoa,  189. 
Panartus,  23. 
Pandaea,  131. 
Pandora,  349. 
Paiidorina,  32. 
Panthalis,  478. 
Paper-nautilua,  446. 
Paj)yrula,  94 
Paractidae,  188. 
Paractinia,  187. 
Paraetis,  187. 
Paractius,  480. 
Paradrihis,  511. 
Paragastric  c^inal,  201. 
Paragorgia.  182. 
Paralcyoniunj.  179. 
Paramenia,  355. 
Paramaecium,  40,  47. 
Paramocba,  29. 
Pamnniric'ea,  182. 
Paraniyhim,  28. 
Paraiiephthya,  179. 
Parantipathes.  190. 
Paranthus,  187. 
Parapedal    commissure, 

409. 
Paraphellia.  187. 
Paraj)odium,  357,  458. 
Paraseison.  310. 
Parasmilia,  195, 
Parasitic    Gastropoda, 

386,402:Lamcllil)rau. 

chiatii,  345 :  Mollusca, 

323. 
Parazoanthus.  189. 
Parenchyma,  209,  211. 
Parenchvmalia,  92. 
Parenchytnitfus,  509. 
Parendrilus,  511. 
Parieto- vaginal  nmscles, 

550. 


Parisis,  182. 
Parmacella,  416. 
Parmonhorus,  361,  395. 
Parmula,  96. 
Paroral  cilia,  49. 
Parthenogenesis,  70. 
Parthenogonidium,  32. 
Pasythea,  564. 
Patella,   360,    362,  367, 

369,371,372,374,376, 

380,  385,  394. 
Patellina,  14. 
Patera,  167. 
Pa  von  aria,  181. 
Pavonina,  13. 
Peachia,  188 
Pearl  oyster,  327,  346. 
Pearly-nautilus  = 

Nautilus. 
Pebrin -disease.  64,  68. 
Pectanthis,  135. 
Pectanthus      asteroides. 

109. 
Pecten,   331,    332,    333, 

334,  341,  342,  347. 
Pectinaria,  462,  486. 
Pectinatella,  56a 
Pectinia,  195. 
Pectinibranchiata,  395. 
Pectinidae,  328. 
Pectis,  135. 
Pectunculiis,  333,  345. 
Pectyllis,  135. 
Pedal     ganglion,     319  : 

gland.  357 
Pedalion,  302,  310. 
Pedetes,  309. 
Pedicel  lina,  572. 
Pedi|>e8,  415. 
Pedum,  347, 
Pegantha,  136. 
Pcgasia,  136. 
Pclagia,  167. 
Pelagobia,  479. 
Polagoncmertes,  266, 270, 

271. 
Pelecy|X)da,  324. 
Pelodeni,  290. 
Pelodrilus,  504,508. 
PelodyU's,  277,  280. 
Pelogenia,  478. 
Pelomyxa,  11. 
Peloseolex,  508. 
Pelovsina,  13. 
Pelta,  404,  405,  406. 
Pemmatodisinis,  208. 
Pen.  425. 
Penis,    215;    of   Ga.stro- 

p«Mia,  378. 
IVnnaria   130. 
Pennatula,  181. 


1    PlmeoKroiiiia,  24. 

,   Phy!lo<»n.uB,  486. 

Pt-ntact.  91. 

1    Pliftei.si.l,.nTi«,  24. 

1   PhyllocotyU,  236. 

Pe!>loi»-i.lm,iia,  450. 

I'liHi'i«:«U,  -^il),  221. 
1    Pliakellm,  96. 

,    Pliyllocysl,  145. 

PBrailis,  406. 

PhvllrnlofP.  4-57. 479. 

PBrsnemiua.  31. 

Pirjlloriiiiiya.-.  187- 

P«rronitol  t.he1t,  361. 

Pit  vlloiiii  Ilia.  31. 

PcriitarrlUl   Kland,    323, 
43a  ;  gianS*  .>f  Lam- 

1   Phaneromrioe,  IflH.          1 

I'hyllonclla,  234. 

1    Phyllo|>hysa.  163, 

diibmncliH,  341. 

Phanemcodouiu,  12(f.         , 

Phyllorhixa,  168 

Perinai'dinni   of   Giwtro. 

PhaneU,395. 

IKmU.  S-B,  377. 

'    Pba»:oliou.  539. 

Phjniactis,  187. 

Fhy  man  thus,  187. 

ParieWtfl,501.fiOa,61O. 

Phyniastrvea,  196. 

PeriTOlpa.    ...  165. 

rhyniosrinm,  iiSS,  539. 

Pericryi.U,  165. 

Plifflusnt-shpii,  aes.        1 

Pliyw  418. 

PeiicVBlir,  139. 
Periiiiiiiiini.  34. 

Pliplli*.  188. 

Phys.  ia.  156. 

■■    Pliollodema.  96. 

Physa  iiloF,  154, 

PmBoniniu^  130. 

1    Piif^liKCia,  486. 

Phyt«  o,.tKra.  235, 

Pcri^HYX,  510. 

1    PliiToiimin   92.                    ' 

Phv,«r,.|la.  17. 

VediMra.:an,,  320. 

'    PluTustt.  489,                     1 

1    l'liy,^t.,iii.  17. 

PcrifHiins,  165. 

'    PliialMimu,  134. 

Pliy*i-o«oiiia,  53«.  639, 

Pfririliriigclla,  93, 

rhinlb,  134. 

Periplivlln,  111,  135. 

Phial  ill  m  134. 

Pliy.-ogyrs,  195. 

Peripytarb.  ai,  2S. 

[  PhiliTio,  aea  4or..  406. 

1    Pliv^iiiK^i'lJe,  150. 

Pprimrk.  124. 

■  Pliil.-iii.a,  awn,  aoo,  304, 

1    Pliy^oplio™,  150.  1S3. 

P.;risii.lif.»[fl.  133. 

1       308. 

riivi"iii.i»ii«wj(i.  32. 

P,.riat.™<.,  40:   of  shell, 

rUiloiLeiUisB,  188. 

1    fi\-m,i..  168. 

:ttil. 

Pliilonn.u.,  416. 

:    l'iit<«:.'].hali.a.  59, 

IVvistouiiimi.  447. 

1    l'iiil..iii-  i.,  121,441.446. 

,    I'ik.,la,ia.491. 

]Vni™rl,HiiiN284. 

1    l'lil.)i-...ii,'lviiid,',  96. 

I'ileoiui^,  398. 

PpiLtn..l.n,50. 

1    P]ioWlnr.'a,  348. 

1    rilidium.  -^Gfl.  - 

Pel  itmniiis,  49. 

i    PItolailiili'iL.  348. 

1    Pil<.cl,rota.  94. 

Pcrivisceial    tavity   of 

1    Phokd<.my«,  349. 

Piliili.1...  13. 

1    Pholai.   3-J7,   331,   344, 

Pi.i«;i..|.ti.>ra,  19. 

Pi-Tiwiiikl^,  ass. 

,       348. 

!    Pitm<.<H:wtis,  19. 

P.Tim,  33tt,  346. 

1    lli-W,  478, 

riiiiiB, 3^7.336, -138,  341, 

I\ni<-iiial,  l:(U, 

I       346 

:    l>U..r<»n'k«,  642. 

1    I'iiiiioi'toima,  446. 

P^miiia,  414,416. 

l%.r<.iiiii,  451.  547. 

,    Piuiilii.^.  92. 

PeroLhrni,  113. 

Pli<.s]>ti.>r<>aL'C'iu'e    of   Ce- 

PioiHwylli,,.  476, 

P.rra.lial.  118. 

].lKll.^l«l.^^      420  :     of 

'    l'inil.i,  400. 

T'Tia,  135, 

1        r.irlliwoim,     SOS;     of 

1    Pi<.k..la.  513,  526 

P..tachiiuiii,  135 

Poljwia.  f.:.6. 

lvi.|,i,.„,;!ii  347, 

I'ctaloiiLoi  nJi],ii,  31, 

.    l'hmrt..s|.i«.  23. 

ri-r.,,  485 

l'.'tBlo|.iyK'tu-,  48a 

,    nuac-loplU,  23. 

ri-tjlliir„.  i.-.i 

Peta1.>al<>ai»,  539. 

Plii..'ii.,.-Ii-iOl.,  94. 

Prta«ta.    35. 

Pli«'(.,'y«t!jvi«.  194. 

Pi^Uxii*',  135. 

'    Phr.-.«lrilH».  609, 

ri^c.,|.l,.,r«.  387. 

Pi'tru-olMa.',  348. 

1    Plir.H,ijoU-«.    504,    505, 

Placortis,  95, 

i;-ln>*h.  96. 

!       SOS." 

l'l>«™|x,„^i,i.  94, 

I'ptta.  486. 

1    I'livW^tdla.  566 

Pl..c..^l.-«v.8,  491. 

I'hwniH.  : 

». 

1    n,vH..sti^"a.  196. 

I'lagloi 

I'l>a.-.>M>i, 

rl,ia,  24. 

PhvllMifl.  371.412. 

P  agiciH 

tiiia.  24. 

,    n,vllirh.--,  374.  412. 

Paji-t 

PlinoKrar 

ia,  ;;3, 

1    I'),vllnlK,l]in..m,  259. 

P  ag..., 

l'h,f<«liii 

i;.,  24. 

riij-n.^livariclnis,  413. 

1'  ,iK,.i, 

Pl„l*..K|i,| 

1,1,  24. 

'    Phyllu.-Ua.>l,ij.leriig,  484. 

.    riakiui 
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Plakopus,  11. 

Planaria,  210,  215,  218, 

221. 
Planaxis,  399. 
Planocera,  222. 
Planorbis,  321,  373,  414, 

416. 
Planorbnlina,  14. 
Planiila,  124,  ir.9. 
Plasmodium,  15. 
Platyaspis,  237. 
Platycaulos,  183. 
Platycotvle,  236. 
Platydiilus,  511. 
Platygorgia,  183. 
Platyhelminthes,  209. 
Platypoda,  397. 
PlatytliecA,  30. 
Platytrochus.  194. 
Plaxipliora,  392. 
Plectaiiiuni,  23. 
Pleotanocotyle,  236. 
Plectoidoa,  '23. 
Plectonepliric  nephridia, 

498,  500. 
Pleioiie,  480. 
Pleionopister,  510. 
Pleistopliora,  68. 
Plerogyra,  195. 
Pleroma,  94. 
Plcsiastraca,  196. 
Plcsioseris,  196. 
Pleural    ganglion,    319, 

331,  362. 
Pleurobrachia,  207. 
Pleurobraiit'liaca,     362, 

403,  409. 
Picurobranchioidea,  408. 
Pleurobranchus,  362,385, 

409. 
Pleurooeridae,  399. 
Pleuroi'onclia,  326. 
Pleurocomllinm,  182. 
Pleurocotyle,  235. 
Pleuronenia,  47. 
Plouropbylli<lia,  412. 
Pleurostomella,  13. 
Pb'urotomaria,  361,  394. 
Pleurotrieba,  49. 
PleurotHK'lia,  309. 
Plt-xaura.  183. 
Pliobothrns,  129. 
Pliod.)n,  347. 
Plocamia,  96. 
Plooophysii,  153. 
Ploinia,  302.  308. 
Pluuiairlla,  182. 
Phiniatella.  5^1,  568. 
Pbunolijilicboiidria,  96. 
Pluniularia,  133. 
Pneuniadenia,  154. 


Pneumatocyst,  139. 
Pneumatopliore,  139. 
Pneumatosac,  139. 
Pueumoderma,  407,  408. 
Pneumopbysa,  155. 
Pncuniothyrac,  143. 
Pocillopora,  195. 
Podocoryne,  130,  131. 
Podocyathus,  53. 
PodolaniiMus,  34. 
Podophrya,  52,  53. 
Podospongia,  97. 
Podostoma,  11. 
Poecillastra.  94 
Polar-ca])sule,  66. 
Policella,  181. 
Poliopogon.  92. 
Pollioita,  476. 
Polyaraca,  196. 
Polvartlira,  302,  309. 
Polybostrichus,    471, 

476. 
Polycauna,  134. 
Polycei-a,  412. 
Polyeelis,  210,  221. 
Polycliaete,  458. 
Polychocnis,  219. 
Polycirrus,  465,  486. 
Polvclada,  222. 
Polycla<lu.s,  222. 
Polvelonia,  167. 
PolycoliMi,  136. 
Polycotyle.  238. 
Polycyathus.  194. 
Poly(;ystidt'a,  59. 
Polycystina,  22. 
Polycyttaria,  22. 
Polydinida,  35. 
Polvdiscus,  23. 
Polydora,  472,  483. 
Polyeunoa,  478. 
Polygastrie,  146. 
Polygordius,  4.'»1.  452. 
Polykrikos,  33,  35. 
Polylophus,  92. 
Polymastia,  97. 
Polymastigina,  31. 
Polvmitus,  62. 
Polyniorpbiiia.  14. 
Polymorpbism,   9,    121; 

of  Polyebaeta,  467. 
Polymyaiia,  276. 
Polynoe,  467,  474,  478. 
Polvodontcs.  478. 
Polyot'ca,  33. 
Polvopbtlialmu.s,  458, 

463,  472,  487. 
Polyopis.  188  272. 
l\)lyorcbis,  134. 
Pol  vp,  100  :  and  Medusa, 

119  ;  Anthozoan,  102. 


Polyp-heA<l,  125. 
Poly[>hragnia,  491. 
Polyphyes,  150. 
Polyphvllia,  196. 
Polypide,  550. 
Poly])lumaria.  133. 
Poly|)odiuni,  123. 
Polvrlialxlu.s.  92. 
Polyrhiza,  167. 
Polysiphonia,  188. 
Polysiphonic.  125. 
PolysjKJudylium,  18. 
Polysporea   61. 
Polystomclla,  15. 
Polystomidiuni,  188. 
Polystomum,   226,    236 

iutegerriinum,       22  7, 

228.  233. 
Polythalamia,  11. 
Polytoma,  29,  32. 
Polytoreutus,  511. 
Polytrema,  14. 

Polytreniacis,  177. 
Polytrocha,  475. 
Polyxenia,  136. 
Polyzoa,  549. 
Polyzoic,  60. 
Pomatias,  398. 
Pomatiop8i.s,  398. 
Pomatm-eros.  473,  491. 
Pomatostt'gns,  491. 
Pompholyx,  310. 
Pomi)lioIyxoj)bry.s,  19. 
Pona-snail,  415. 
Pontolnlella,     513,    51 S 

519,521,526 
Pontodrilus,  510. 
Pontogenia,  478 
Pontoscolex,    503,    506, 

511. 
Porella,  566. 
Porifera,  72. 
Porina,  566. 
Poritella.  95. 
Porites,  197. 
Porodiseus,  23. 
Poromva,  341.  342,  349. 
Porosa',  193. 
Porospora,  58,  59. 
Por{uilia,  144. 
Pori>enia,  144, 
Porpita,  144. 
Porpitella,  144. 
Porpitidae,  143. 
Portellia,  480. 
Portuguest)  man  of  \var» 

154. 
Posterioden<lron,  30 
Potamides,  399. 
Potamilla,  490. 
Potamis,  490. 
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Potamolcpis,  96. 
Poteriou,  97. 
Poulpc,  446. 
Pourtalosniilia,  195. 
Praxilla,  488. 
Pray  a,  149. 
Prestoniiuiii,  447. 
Preussia.  511. 
Priapuloidea,  540. 
Priapulus.  541. 
Primary  mcseutery,  184. 


»> 


zooeciuin,  560. 


Primite.  57. 
Priinnoa,  182. 
Priniijoella,  182. 
IVinmoisis,  182. 
Priona&traea,  196. 
Prionognathus.  480. 
Prionospio,  483. 
Prismatic  layer,  326, 327. 
Pristiiia,  509. 
Proales.  309 
ProlK>sei(lae,  214. 
l*roeeraea,  476. 
Procerodes  221. 
Procharagma,  166: 
Procharvbdis.  166. 
Procotyta,  221. 
PrcK'todacuni  of  mollusca, 

320. 
Proctonotus.  413. 
Procyaiioa,  167. 
Productidae,  585. 
IVoclottis   244. 
Prohelia,  195. 
Promesostoinum.  219. 
Proneomeiiia,  355. 
Proiiepliridia    of    Oligo- 

ehaeta,  502. 
Pronucleus,  4.^>. 
Proj)ilidium,  395. 
Proi)odiuni.  357. 
Proj>orus,  219 
Prorhynelioooelomia, 

271. 
Prorliynclius,  219. 
Prorocentrum,  34. 
Proro<.lon,  45. 
Prorotricldna,  46. 
Prosadfiio|M>ni8,  271. 
Prosl)o.stridactvla,  134. 
Proserpina,  395. 
Prosohraneliiate,  374. 
Prosodua,  78. 
Prosopyle,  75. 
Pro.soroclimu.s,  269,  271. 
F'roatiilia,  91. 
Prostate  of  Oligochaeta, 

504. 
Pro.Stheceraeus,  223. 
Prostliiostomum,  223. 


Prostomum,  214. 
Protactiniae,  189. 
Protamoel»a,  11. 
Protanthea,  189. 
Protantheac.  189. 
Proteleia,  94. 
Proteosoma,  63. 
Proterosjiongia,  33. 
Protiai-a,  131. 
Protis,  491. 
Protoalcyonaria,  178. 
Protobranchiata,  346. 
Protocaulou,  181. 
Protorlrilus,     451,     452, 

453,  457. 
Protogene,  11. 
Protohydra,  127. 
Protomerite,  56. 
Protomonas,  29. 
Protomyxa,  11. 
Protonemcrtini,  270. 
Protoplasm,  1. 
Protoptilum,  181. 
Prototrichia,  17. 
Protozoa,  1. 
Protula.  466.  491. 
Protulides,  491. 
Provorte.x,  220. 
Proxenetes,  220. 
Prunoidea,  23. 
Prunophracta,  23. 
Psamatlie,  477. 
Psammastra,  94. 
P.siiniminidae,  98. 
Psammohia,  348. 
Psammocora,  196. 
Psammogorgia,  183. 
Psammolyce,  478. 
Psamniopennna,  98. 
Psammo})lyailla.  98. 
Psammoryetes,  508. 
PsanimoseriH,  196. 
Psammo.sphaera,  13. 
Pseudalius,  235. 
Pseudaxine.  236. 
Pseudaxonia,  182. 
Pseudoceridae,  210. 
Pseudoceros,  217,  223. 
Pseudocotyle,  234. 
Paeudogorgia,  178. 
Paeudolamellibranchiata, 

346 
Pseudomelaniidae,  399. 
Pscudonavieella,  58. 
Pseudopallium,  :356. 
Pseudo|M)diuni,     1  ;      in 

Kotifera,  299. 
Pseudorliabdite,  211. 
Pseudorliynchus,  220. 
Pailacabaiia,  182. 
Psilotriclia,  49. 


Psorosperras,  64. 
Psygmobranchus,    473, 

491. 
Ptenoglossa,  396. 
Pteroceras,  361,  399. 
Pterocyclus,  398. 
Pterodina,  310. 
Pteroeides,  181. 
Ptcroessa,  309. 
Pteronella,  234. 
Pterouema,  131. 
Ptcropathes,  190. 
Pteropoda  Gymnoso- 

mata,  407  ;  Thecoso- 

mata,  406. 
Pterosyllis,  476. 
Pterotradiea,   356,   362, 

385,  401,  402. 
Ptilosarcus,  181. 
Ptychobothrium,  266. 
Ptychogena,  134. 
Ptyoliostonuim,  47. 
l*uberty,  43. 
Pullenia,  14. 
Pulmonary  cavity,  374. 
Pulmonata,  414. 
Pul.selhuu,  352. 
Pulvinulina,  14. 
IMncturella,  394. 
Pupa,  380,  416. 
Pupilla,  362,  394. 
Pupina,  398. 
Purpura,  396. 
Pustularia,  362,  400. 
Pustulopora,  566. 
Pycnanthus,  187. 
Pyrenoid,  28. 
Pvrophacus,  34. 
Pyrula,  400. 
Pytlieas,  96. 
Pyxidicula,  12. 

Q.J.M.S  =  Quarterly 
Journal  of  Micro- 
.scopicAl  Science. 

Quadrilonche,  23. 

Quadrula,  12. 

Quasillina,  97. 

Quinqueloculine,  9. 

Rachidcan  tooth,  370. 
Raohiglossa,  396. 
Racodiscnla.  94 
Radiolaria,  20. 
Riidula,  320,  369 
Ragactis,  188. 
Rainey's  corpuscles,  68. 
Ramate,  307. 
Ramulus.  126. 
Ramus,  307. 
Ranella,  400. 
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Rapliidiophrvs,  19. 
Raspailia,  96. 
Rataria,  144. 
Ratlikea,  131. 
Rattiilus,  309. 
Razor  shell,  348. 
Receptaculum   seminis, 

215. 
Recluzia,  396. 
Red  coral,  182. 
Redia,  229. 
Regadrella,  92. 
Reithrodrilus,  511. 
Rc^niera,  96. 
Renilla,  181. 
ReptadeoncUa,  566. 
Retepora,  565. 
Rete}>orella,  565. 
Reticularia,  17. 
Retinacula,  294. 
Rhabdamniina,  13. 
Rhabdite,  211. 
Rhabditis,  275,  290. 
Rhabditis-fonn,  280. 
Rhabdooalvptus,  92. 
Rhabdocoeia,  219. 
Rhabdodictyuni,  92. 
Rhabdogastcr,  292. 
Rhabdogonium,  14. 
Rhabdonie,  83. 
Rhabdomoiias,  31. 
Rhabdonema,   277,   280, 

281,  290. 
Rhabdoj)ectella,  92. 
RhalKlosplierea,  11. 
Rhabdostyla,  51. 
Rhabdus,  82. 
Rhacella,  95. 
Rhagon,  77. 
Rhaphido]>hliis,  96. 
Rhapide,  86. 
Rhegmatodes,  134. 
Rbinodrilus,    501,    506, 

511. 
Rhinophores,  366, 
Rhinops,  309. 
Rhipidiglossa.  357,  394. 
Rhipidodeiidron,  31. 
Rhizanimiuu,  13. 
Rhizochalina,  %. 
Rhizocline,  131. 
Rhizogeton,  129. 
Rhizomastigina,  30. 
Rhizo]>hysu,  155. 
RhizoiK)aa,  6. 
Rliizopsaniniia,  197. 
Rhizoistonia,     108,     109, 

111. 
Rhizostoniae,  167. 
Rbizota,  300,  307. 
Rhizotrochus,  194. 


Rhizoxenia,  178. 
Rhodactis,  186. 
Rbodaraca,  197. 
Rhodoj)e,  414. 
Rhodophvsa,  153. 
Rhodopiaae,  414. 
Rhodopsammia,  197. 
Rhombogen,  242. 
Rbopalia,  115,  116,154. 
Rbopalonema,  135. 
Rhoiialophonis,  240. 
Rhopilcma,  168. 
Rho|K)lactis,  188. 
Rhynchelmis,  502,  504, 

508. 
Rbyucheta,  53. 
Rhynchobdellidae,  526. 
Rhynchobothrium,  259. 
Rhyncliocoelom,  265. 
RhyncliodeimiH,  222. 
Rhynchoflagellata,  35. 
Rhyiichonella,  574,  577, 

580,  585. 
Rhynchoiieerella.  479. 
Rbynchozoon,  566. 
Ridleia,  97. 
Riniella,  94. 
Riniula,  395. 
Rimulina,  14. 
Ringicula,  406. 
Ril)i8tes,  509. 
Rissoa,  398. 
River-limpet,  416. 
River-snail,  399. 
Rod-ajiiMratus,  38. 
Roman  snail,  416. 
Rosette  plates,  554. 
RossoUa,  92. 
Rossia,  441,  445. 
Rostcllaria,  399. 
Rostellum,  245. 
Rostrum  of  shell,  425. 
Rotalia,  14. 
Rotaliform,  14. 
Rotifer,  304,  308. 
Rotifera,  299. 
Round-worm,  284. 
Rngosa,  175. 
Runeina,  362,  403,  406. 

S.  Am.  =  South  America. 
Sabella,  465,  472,  490. 
Sabellaria,  492. 
Sabellastarte,  491. 
Sabellides,  486. 
Sabelliformia,  490. 
Sabiuotroehus.  194. 
Saccamniina,  13. 
Saccobdella,  310. 
Saccociriiis,  453,  457. 
Saccoglossa,  413. 


Sacconereis,  471,  476. 
Saccosoma,  533. 
Sacculus,  309. 
Sagartia,  187. 
Sagartidae,  188. 
Sagenella,  13. 
S^tella,  482. 
SagitU,  83,  591. 
Sagittated  calaniary.444. 
Si^nttocyst,  211. 
Safacia,  155. 
Salicornaria,  565. 
Salinella,  243. 
Salmacina,     466,     468, 

491. 
Salpina,  309. 
Salpingoeca,  33. 
Salvatoria,  477. 
Sanms,  94. 
Samythopsis,  486. 
Sandfalolitha,  196. 
Sanguinolaria,  348. 
Saphenella,  134. 
Sapbenia,  134. 
Saprophytic,  2. 
Sarakka,  179. 
Sarcenchyme,  79. 
Sarcocystis,  69. 
Sarcode,  1. 
Sarcodictyon,  178. 
Sarcodictyum,  21. 
Sarcodina,  3. 
Sarcomatrix,  21. 
Sarcophianthus,  188. 
Sarcophyllum,  181. 
Sarcophyton,  179. 
Sarcoplegma,  21. 
Sarcosporidia,  68,  69. 
Sarcostyle,  126. 
Sarcotheca,  126. 
Sarsia.  131. 
Satellite,  57. 
Savaglia,  190. 
Saxicava,  331,  348. 
Scaeurgus,  440,  446. 
Scalaria,  361,  396. 
Scalibregma,  489 
Scaphander,  405,  406. 
Sca]>hidiodon,  46. 
Scaphopoda,  349. 
Scapophyllia,  195. 
Scaridium,  309. 
Schistocepbalus,  258. 
Schizocyathus,  194. 
Schizogamy,  469. 
Schizopathes,  191. 
Schizoporella,  566. 
Schizotricha,  133. 
Schultzia,  220. 
Schwagerina,  15. 
Scioberetia,  347. 
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Scirtopoda,  310. 
Scissurella,  361,  394. 
Sciurella,  133. 
Scloranthelia,  178. 
Scleraxonia,  182. 
Scl  crisis,  182. 
Scleritociemia,  94. 
Scleroheleninou,  181. 
ScleroMast,  81. 
Scleroeheilus,  489. 
Sclerogorgidae,  182. 
Sclerohelia,  195. 
Scleronephthya,  179. 
Scleroplegma,  93. 
Scleroptiluni,  181. 
Sclerostomum,  235,  280. 
Sclerothanimis,  93. 
Sclerotium,  15. 
Scoleciforniia,  487. 
Scolecole{)is,  483. 
Scolex.  251,  253. 
Scolloi>s,  347. 
Scolot)es,  97. 
Scoloplos,  482. 
Scopula,  92. 
Scorpion-shell,  399. 
Scrobicularia,  347. 
Scniparia,  564. 
Scruj)ocellaria,  565. 
Scurria,  394. 
Scutibraiiohia,  393. 
Scutum,  395. 
Scutus,  395. 
Scjllaea,  412. 
Scyphidia,  51. 
Seyphistonia,  107. 
Scyphoi»edusae,167, 162. 
Scypho-polyp,  107. 
Scytalinni,  181. 
Scytophonis,  189. 
Sea-aneinoiie,  183. 
Sea-liare,  407. 
Sea-mouse,  478. 
Secondary       mesentery, 

184 ;     symmetry      m 

(Jastropods,  385. 
Seison,  304,  310. 
Seisonacea,  310. 
Selcnaria,  566. 
Se mantis,  23. 
Semele,  347. 
Semostomae,  167. 
Semperella,  92. 
Seiui)enna,  182. 
Senescence,  43. 
Sense  cells,  100. 
Sense-organs     Medusae, 

115. 
Sepia,  417,439,  440,  441, 

445. 
Sepiadariidae,  445. 


Sepiola,  445. 

Sepiostaire,  425. 

Sepioteuthis,  445. 

Se]>ta,    112 ;    of   corals, 
192. 

Septaria,  395. 

Septata,  59. 

Septibranchiata,  344. 

Serialaria,  552. 

Seriatopora,  195. 

Serpula,  491. 

Serosporidia,  69. 

Sertularia,  133. 

Setae,  447. 

Setidium,  95. 

Setosella,  565. 

Sexual  reproduction,  71. 

Shell    of    Cephalo[X)da, 
424 ;  Gastropoda,  358. 

Shell-gland    of    Gastro- 
poda, 381. 

Shepherdella,  13. 

Shipworm,  349. 

Sicyonis,  188. 

Sidcractis,  188 

Siderastraeu,  196. 

Sideroderma,  96. 

Sigalion,  478. 

Sigaretus.  361,  397. 

Sigma,  84. 

Sigmatella,  98. 

Sigmatophora,  93. 

Silenia,  349. 

Silicofiagellata,  35. 

Siliquaria,  399. 

Silkworm  disease,  64,  68. 

Sinistral  shell,  360. 

Sinuimlliatae,  326. 

Sinuses    of    Hirndineii, 
617. 

Siphon,    138,    139;     of 
of    Echiuroidea,    530 
of    CrastropiHia,    358 
Lamellil.ranch,     328 
of  Nautilus,  424. 

Siphonactinia,  188. 

Siphonanthao,  144. 

Siplionaiia,     362,     376, 
379,  414,  415. 

Siphonicytara,  565. 

Siphonidium,  94. 

Siphonochalina,  96. 

Sij)h<modentaliuin,  352. 

Siphonogaster,  511. 

Siphonoglyphe,    104; 
Alcyonaria,  177. 

Siphonogorgia,  179. 

Siphonoj)hora,  137. 

Siphonostoma,  462,  489. 

Siphonostomata,  360. 

Siphonostomatous,  361. 


Siphonozooid,  177. 
Siphonula,  1-^,  148. 
Siphoptychium,  17. 
Siphosome,  139. 
Sipunculoidea,  534. 
Sipunculus,  536,  539. 
Six-hooked  embryo,  251. 
Skeleton  of  sponge,  80. 
Skenea,  398. 
Slavina,  509. 
Sleeping  sickness,  289. 
Slit,  861. 
Slug,  416. 
Smaragdia,  395. 
Smaragdinella,  406. 
Smilotrochus,  194. 
Smittia,  566. 
Solariun»,  361,  396. 
Solen,    328,    331,    333, 

336,  348. 
Solenastraea,  196. 
Solenocaulon,  182. 
Solenocouchae,  349. 
Solciuocurtus,  348. 
Solenogastres,  352. 
Solenomva.    331,    337, 

341,  345. 
Solenopharynx,  220. 
Solenophorus,  256. 
Solenoplirya,  53. 
Solcnosmilia,  195. 
Sollasella,  97. 
Solniaris,  137. 
Solmissus,  137. 
Solmoneta,  137. 
Solmundella,  137. 
Solnnindus,  137. 
Somatocyst,  145. 
Somit€,  453. 
Sorocelis,  221. 
Sorophora,  17. 
Sorosphaera,  13. 
Sosane,  486. 
Spadella,  591. 
Si)adix  of  Nautilus,  421. 
S))arganophilus,  511. 
S{»athidiuni,  45. 
Si>erm  injection,  217,227, 

249 ;  sacofOligochaeta, 

503  ;  reservoir  of  Oli- 

gocliaeta,  503. 
Spermatheca    of    Oligo- 

chaeta,  505. 
Spermato])hore  of  Ceplia- 

lopoda,  440. 
Spermatopliores  of  Hiru- 

dinea,523;  of  Nautilus, 

421  ;    of  Oligochaeta, 

505.  507. 
Sj)ermatozoon,  70. 
S{)crmiducal  gland,  604. 
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Sphacrastrum,  19. 
Sphaerocujisa,  23. 
SphaerodoAun,  476. 
Sphaeroidea,  2S. 
Spbacroidina,  14. 
Sphaeroiiiyxa,  67. 
Sphaeronectes,  149. 
Sphaerophracta,  23 
Sphaerophrya,  52,  63. 
Sphaorospora,  67. 
Sphacrosyllis,  476. 
Sphaerozoiun,  23. 
Sphaenilaria.  282,  291. 
Spheiioides,  149. 
Sphenomonas,  31. 
Sphenophyllia,  195. 
Spheiiopus,  189. 
Spheiiotrochus,  149. 
Sphinctrella,  94. 
Sphyramira,  236. 
♦Spbyrocephalus,  222. 
Sphyropliysa,  153. 
Spicata,  181. 
Spicula  ncniatoda,  278. 
Spicules  of  sponges,  81- 

84. 
Spiculuni  ainoris,  379. 
Spilonhora,  291. 
Spiudle  muscle,  319. 
Spinii>ora,  129. 
Spintnaroj>hora,  97. 
Spinther.  480. 
Spio,  475,  483. 
Spiochaetoj)terus,  484. 
Spioniforniia,  483. 
S})iral  nictuinerisni,  494 ; 

zooid,  126. 
Spirastrella,  97. 
Spire,  84. 
Spiriali.s,  360. 
Spirillina,  14. 
Spirolnanchus,  491. 
Spiroehona,  50. 
Spiros(rapliis,  490. 
Spiroloculiua,  13. 
Spiroptera,  279,  289. 
Spirorl.is,  466,  467,  491. 
SpiroH|H»rnia,  508. 
Spirostoniuni,  48. 
Spirotriolia,  48. 
Spiroxys,  289. 
Spirula,  425,  440,  445. 
S  pi  nil  i  rostra,  425. 
Spondylonioruni,  32. 
Spoudylus.     333,    334, 

344,  347 
Sj)ongo  spi(Mdes,  81-84. 
Siwiigt'lia,  98. 
Spongelidae,  98. 
S|K>ngidae,  97. 
Spougilla,  96. 


Spongillidae,  72. 
SpoDgin,  73. 
Spougiobranchaea,  408. 
Spongloderina,  1^. 
S|>ongode8,  179. 
Spongodiscus,  23. 
S})ongonionas,  31. 
Spongopbare,  77. 
Spongurus,  23. 
Sporadopora,  129. 
Si)oraugia,  16. 
Spores,  5. 
Sporoblast,  66. 
Sjwrocyst,  229. 
Sporogony,  120. 
Si)orophore,  16. 
Sl)orosac,  120. 
Si)orozoa,  54. 
Sporozoite,  60. 
Spyroidea,  23. 
S4|uaii)ulii)a,  13. 
Squid,  425. 
Stiicbyodes,  182. 
Stachyptiluin,  181. 
Staircase  sbell,  396. 
Staiiiioniidae,  98. 
Statoblast,  555. 
Stauractis,  188. 
Stauraglaura,  135. 
Staurioae,  175. 
SUuridiuni,  130,  131. 
Staurobracbiuni,  134. 
Staurocepbalus,  480. 
Staurodiscus,  134. 
Stauroinedusae,  163. 
Stauropbora,  134. 
Staurospbaera,  23. 
Staurostonia,  134. 
Staurotbeca,  133. 
Steenstnipia,  109,  131. 
Stegauo]>btbaln)ata,  117. 
Stegaiio}H)rella,  566. 
Stelospongia,  98. 
Stellettii.  94. 
Steiiionitis,  17. 
Steuella,  182. 
Stenogorgia,  183. 
Steiiobelia,  129. 
Stenoptyeba,  167. 
Steiitor,  38,  40,  48. 
StenostonuiHi,  214,  219. 
Stepbalia,  154 
Stepbaiiacti.s,  187. 
Stepbaiiaria.  196. 
Stepbania,  477. 
Stepbaniuin,  23. 
Stepbanoceros,  300,  301, 

307. 
Stepbanoinia,  153. 
Stepbauopbyes,  149. 
Stepbauopbyllia,  196. 


Stepbanopogon,  416. 

Stepbanoi)s,  309. 

Stepbauoseris,  196. 

Steplianospbaera,  32. 

Stepbanospira,  153. 

Stepbanotrofbus,  194. 

Stepboidea,  23. 

Stepbonalia,  154. 

Stenocepbalus,  59. 

Stercutiis,  509. 

Stereosonia,  177,  178. 

Steniaspis,  450,  462,  465, 
489. 

Stbenelais,  478. 

Stbenoiiia,  167. 

Sticbodactyliuae,  186. 

Sticbopatbes,  190. 

Sticbotricba,  49. 

Stigmata  in  Protozoa,  28. 

Stigmospbacra,  23. 

Stilifer,  361,  386,  402. 

Stiliger,  413. 

Sting-winkle,  396. 

Stoeba,  94. 

Stolonifera,  178,  567. 

Stoloteutbis,  445. 

Stomacb  of  Ctenopbore, 
197. 

Stomatella,  362,  395. 

Stomatia,  396. 

Stomatogastric  commis- 
sure, 319,  362. 

Stomatopom,  566. 

Stomidia,  186. 

Stomobracbium,  134. 

Stomodaeum  of  Mol- 
lusca,  320. 

Stomolo]>bus,  168. 

Stomotoca,  131. 

Stompbia,  187. 

Streptaster.  85. 

Streptocaulus,  133. 

Streptoiieura,  364,  392. 

Strobalia,  153. 

Strobila,  157,  243. 

Strobilisation,  160. 

Strombidium.  49. 

Strombus.  378,  386,  399. 

Strougyle,  83. 

Strongylidae,  278. 

Strongylidium,  49. 

Strongylus,  284. 

Stropbogorgia,  182. 

Structureless  lamella,  99. 

Strutbiolaria,  400. 

Stryj)bnus,  94. 

Stublmannia,  611. 

Stylactis,  130. 

Stylana.  509. 

Stylarioides.  489. 

Stylastcr,  129. 
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StyJatiila,  181. 
Stylifer,  357,  402. 
Styliola,  406. 
Stylobclemiion,  181. 
Styloc'hoj)lana,  211,222. 
Stylochiysalis,  32. 
Stylochus,  222. 
Styloconictes,  54. 
Stylocordyla,  97. 
Stylocvatlius,  194. 
Stylodriliis,  508. 
Styloiniiiatophora,  416. 
Stylonvchia,  43,  49. 
Stylo  J  mora,  195. 
Stylorlivncims,  59. 
Stylosphaera,  23. 
Stylorhiza,  168. 
StyloKticlion,  96. 
Stylostoimmi,  223. 
Stylus.  84. 
Subcorebral  commissure, 

409. 
Suheria,  182. 
Suberites,  97. 
Suberitidae,  97. 
Suberogorgia,  182. 
Sul)genital  pits,  118. 
Subintestinal    ganglion, 

3t>4. 
Subnivtilacea,  347. 
Subradular    organ,    371, 

389. 
Subs,»gittal,  199. 
Substoinachal,  199. 
Subtontacular.  199. 
Subtransvei-sal,  199. 
Subumbn^lla,  108. 
Subventral,  199. 
Succinea,  416. 
Suckers  of  Cephalojiod, 

421. 
Sulcastrella,  94. 
Sulculus,  184. 
Sulcus,  184. 
Sununer  egg,  217,  304. 
Sun  animalcule,  19. 
Supercytis,  566. 
Supporting  lamella,  99. 
Suprain  test  inal  ganglion, 

364. 
Sutroa,  508, 
Suture,  361. 
Swiltia,  183. 
Sycantba,  90. 
Sycetta,  90. 
Sycon,  75,  90. 
Syculmis,  90. 
Sycvssa,  90. 
Svlfides,  476. 
sVllis,  4(>7,  471,  476. 
Symbiosis,  20,  211,  218. 


Synipagella,  92. 
Symphyllia,  196. 
Symplocostoma,  291. 
Sym  podium,  178. 
Sympyla,  95. 
Synapticula,  92,  193. 
Synaptychus,  444. 
Synaraea,  197. 
Synchaeta,  309. 
Syncoryne,  130. 
Syncrypta,  32. 
Syndictyon,  131. 
Syngamns,  235. 
Synops,  94. 
Synthecium,  133. 
Synura,  32. 
Syringammina,  13. 
Syringopora,  178. 
Syzygium,  57. 

Tabulae,  193. 

TabulaU,  191. 

Taegeria,  92. 

Taenia,  260 ;  cucume- 
rina,  247;  saginata, 
244 :  solium,  244. 

Taenioglossa.     397. 

Taenioles,  108. 

Tamoya,  166. 

Taonius,  445. 

Ta]>es,  348. 

Tapeworm,  243. 

Taplirocampa,  309. 

Taster,  139. 

Taxii>atbes,  191. 

Tealia,  187. 

Tealidium.  187. 

Tec ti branch  iata,  403. 

Tedania,  96 

Teeth  of  radula,  370. 

Telamone,  477. 

Telej)savus,  484. 

Telesto,  178. 

Telethusidae,  488. 

Teleudrilus,  511. 

Tellina,  333,  340,  345. 
347. 

Tellinacea,  347. 

Telmatodrilus,  508. 

Tel  ot  roe  ha,  475. 

Temnocephala,  234. 

Temp.  —  tenn)eratfc. 

Tentacle  sheath,  550. 

Tentacular  cirri,  459. 

Tentaculata,  207. 

Ten  tnculocy  st,  116. 

Tentilla,  140. 

Tentorium,  97. 

Terebella,  462,  463,  485. 

Terebellides,  486. 

Terel>ellitormia,  484. 


Terebellum,  399. 
Terebra,  371,  397. 
Tercbratella,  585. 
Terebratula,    577,    584, 

585. 
Terebratulina,  585. 
Terebripora,  556. 
Tere<lo,    327,    329,   330, 

331,    336,    342,     343 

349. 
Tessaradoma,  566. 
Tessera,  111,  164. 
Tesserantha,  164. 
Tesseronae,  162. 
Testacca,  11. 
Testacella,  385,  416. 
Testamoebifbrmia,  15. 
Testicardines,  585 
Tethya.  97. 
Tethyopsilla,  94. 
Tethyojwis,  94. 
Tethys,  412. 
Tethvspira,  97. 
Tetilla,  94. 
Tetra  branch  iata.  443. 
Tetracladidae,  94. 
Tetracoralla,  175. 
Tetract,  91. 
Tetractinellida,  93 
Tetraglena,  470. 
Tetragonus,  512. 
Tetrameralia,  162. 
Tetrameres,  289. 
Tetramita,  28.  29. 
Tetraniitus,  31. 
Tetranema,  134. 
Tetraonchus,  236. 
Tetrarhynchus,245,  259. 
Tetrastemma,   269,  270, 

271. 
Tetrodictvidae,  93. 
Texas  fever,  63. 
Textularia,  13. 
Thala,  397. 
Thalamo|)Oi"a,  14. 
Thalassema,  530,  533. 
Thalassianthus,  188 
Thalassicolla.  20,  23. 
Thalassolampe,  22. 
Thala.'^sophysa,  23. 
Thalassopila,  22. 
Thahissoplancta,  23. 
Thalassosphaera,  23. 
Tlialenes.s»i,  478. 
Thamniti.s,  131. 
Thanmostoma,  131. 
Thamnostvlus,  131. 
Thaumactis,  187. 
Thaumantaria,  133. 
Thaumantias,  132,  134. 
Theca,  193. 
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Theoiaiiini,     578,     581, 

585. 
ThwiKladiimi,  133. 
Thei^ojwanimia,  196. 
ThwH>sj»haera,  23. 
Thflaotis.  187. 
Tlielt-pus,  485. 
Theloluiiiia,  68. 
TluMiea,  94. 
ThtM)disea,  482. 
TluMxioxia,  395. 
Theoiiella,  94. 
Thfsea,  183. 
Thini  vas  defereus,  226. 
Thoosa,  97. 
Thoreotii,  98. 
Thorectiiiidra,  98. 
Thouarella.  182. 
Thracia,  349. 
Thread-eelK  101. 
Thread-woriiis,  274. 
Thrinacophora.  96. 
Tlnonibus,  95. 
Thniaria,  133. 
Tlniraiiimiiirt,  13. 
Tliyca,  ;J57,  :J71,  398. 
Tliyiosoyi)luis,  132. 
Thysanostonia,  168. 
Tliysanozoon,  217,  223. 
Tlivsaiius,  194. 
Tiara,  131. 
Tiaiiim,  46. 
Tinopsis,  109,  134. 
Tic'hoseiis,  196. 
Tiediuainiia,  406. 
Tinia,  134. 
Tiiioponis,  14. 
Tiiitinnidinin.  49. 
Tiiitiniiopsis,  49. 
Tintiiiiius,  49. 
Titaiiideiiiii,  182. 
Titiscania,  395. 
Toko[»lnya,  52,  53. 
Toinopteris,     465,     472, 

479. 
Top  shell,  ;J95. 
Torciiiua,  167. 
Toinatiiia.  406. 
Toriiotf,  82. 
Toxu,  84. 
Toxochalina,  96. 
'I'oxoclytiis,  168. 
Toxo^lossa,  397. 
Toxoivlii.s,  134. 
Trachelius.  46. 
TraclioldiDonas,  31. 
'rraclie«»physue,  141. 
Trachoniodusae,  135. 
TrachycHuhis,  92. 
Tnu'liviiiiua,  135. 
Trachypiiyllid,  195. 


Trachyiwra,  196. 
Trachytedauia,  96. 
Travisia,  487. 
Tra\isioj>sis.  482. 
Trematoda.  223. 
Trematotvochus,  194. 
Treiiiaulidinm,  95. 
Treni octopus,   420,   421, 

441,  446. 
Trejwmonas,  28,  31. 
Tretolo})lms,  96. 
Triact,  91. 
Triaene,  83. 
Triaeiiophorus,  258. 
Triarthra.  302,  309. 
Triaulie,  379. 
Triaxon,  84. 
Triaxonia,  90. 
Tribmchiuui,  94. 
Trichanij>liora,  17. 
Tricliia,  17. 
Trichina.  236,  278. 
Tricliiiiosis,  288. 
Trichol»raiieI»idao,  486. 
Trichoccphalus,  235, 279. 
Trichochaeta,  511. 
Trichocyst,  39. 
Tricliodal,  86. 
Trichoderina,  292. 
TriclnxHiia,  50. 
TrichcKiiiiopsis,  50. 
TrichodriluH,  508. 
Trichogaster,  49. 
Trichoniastix,  31. 
Trichomonas,  31. 
Tricliophrva,  54. 
Trichopl.ix,  243. 
Trichoptiluni,  181.  ' 
Trichosoninni,  236. 
Trichosteninia,  97. 
Trichostoniata,  46. 
Trichotropis.  398. 
Triclada,  221. 
Tridacna.  331,  348. 
Tridacophvllia,  195. 
Triforis,  399. 
Trigastcr,  511. 
Trigger,  101. 
Trigonia,  345. 
Trigoniidae,  328,  341. 
Trigonoponis,  222. 
Trilohus.  30,  291. 
Triniorphisni,  9. 
Trinenia,  13. 
Triiiephrus,  .'lOO,  510. 
Triod,  84. 
Trioi)a,  412. 
Triptolenins,  94. 
Tripylaria.  21,  23. 
Tri.stoniuni,  234. 
TritAxia,  13. 


Triticella,  567. 

Triton,  400. 

Tritonia,  411. 

Tritonioidea,  411. 

Trochal  disc,  299. 

Trochammina,  13. 

Trochetia,  516,  519,  526, 

Trocliilia,  46. 

Trochocyathus,  194. 

Trochopus,  234. 

Trochoseris,  196. 

Trochosphaera,  308. 

Trochosphere  of  Gastro- 
poda, 381 ;  of  Kotifera, 
307. 

Trochotonia,  394. 

Trochus,  367,  376,  395. 

Trophi,  303. 

Tropbon,  396. 

Trophonia,  489. 

Trophosonie,  126. 

Tropidocera,  289. 

Tnincatella,  398. 

Truncatulina,  14. 

Tryiuoholia,  195. 

Trypanosoma,  30. 

Tryi>anosyllis,  476. 

Tul>e  Rotifera,  303. 

Tul)ella,  96. 

Tubercula     pubertatis, 
506. 

Tubiclava,  129. 

Tubicolaria,  .301. 

Tubifex,  505.  508. 

Tubiiwra,  178. 

Tiibucellaria,  565. 

Tubularia.  130. 

Tiibnlina.  17. 

Tubiilipora,  566. 

Tun,  400. 

Turbanella,  311. 

Turbellaria,  210. 

Turbinaria,  197. 

Turbinellidae,  397. 

Turbinolia,  194. 

Turbo,  376,  395. 

Turkey  sjwnge,  87,  98. 

Turricula,  397. 

Turris,  131. 

Turritella,  399. 

Turritigera,  565. 

Turritopsis.  131. 

Tykonus,  511. 

Tylencbus,  282,  290. 

Tylodina,  409. 

Tylopathes,  190. 

Tylosonia,  537,  639. 

Tylote,  83. 

Tvnipanidiuni,  23. 

Typhaeus,  502,  506,  610. 

Typhlo-scolex,  472,  482. 


